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OVERALL  SUMMARY  AND  CONCLUSIONS 
As  was  found  for  beef  patties  with  soy,  the  variables  under  study 
influenced  beef  patties  without  soy  more  than  bulk  ground  beef  with  soy  and 
beef  roasts.    Again,  this  was  probably  due  to:  (1)  the  product  (patties) 
being  much  smaller  and  thinner,  and  (2)  the  amount  of  packaging  being  much 
less. 

Fast  freezing  rates  seemed  to  produce  lighter  pigment  color.  Freezing 
reduced  the  presence  of  light  grayish  red  color.    The  use  of  +20''F  storage 
greatly  accelerated  surface  discoloration.    Both  longer  storage  periods  and 
+20°F  storage  resulted  in  more  off-odor.    Longer  storage  and  +20°F  storage 
increased  freezer  burn  with  this  product  as  it  did  for  patties  with  soy. 
Aerobic  plate  counts  decreased  slightly  with  longer  storage. 

TBA  values  greatly  increased  during  the  first  six  months  of  storage  as 
a  result  of  +20°F  storage.    There  were  gradual  increases  for  the  other 
storage  temperatures  with  longer  storage.    Broiled  ground  beef  flavor 
decreased  substantially  (rancid  flavor  replacement)  for  patties  stored  at 
+20°F.    There  was  a  slight  reduction  in  ground  beef  flavor  with  extended 
storage.    For  0°F  and  -10°F  storage,  twelve  months  of  storage  was  necessary 
to  attain  the  frequency  of  rancid  flavor  detection  noted  in  patties  stored 
at  +20°F  for  only  six  months.    Juiciness  decreased  slightly  with  storage. 

As  with  patties  with  soy,  freezing  rate  exerted  a  dramatic  effect  on 
tenderness  properties  for  patties  without  soy.    The  slower  the  freezing 
rate,  the  less  tender  the  product.    However,  in  contrast  to  patties  with 
soy,  this  effect  was  not  as  dramatic  following  six  months  of  storage.  The 
biggest  decrease  in  tenderness  was  simply  as  a  result  of  freezing,  with 
obviously  this  effect  being  most  pronounced  for  the  0°F  in  96  hour  rate. 


Tenderness  as  determined  by  Instron  measurements  showed  less  effect  of 
freezing  rate.    Freezing  in  itself  produced  a  considerable  rise  in  Instron 
Newton  values,  especially  in  the  slower  freezing  rates. 

Weight  losses  due  to  freezing  were  variable  and  not  greatly  affected 
by  freezing  rate.    Frozen  storage  losses  were  also  variable,  but  increased 
somewhat  with  longer  storage.    During  cooking,  nonfrozen  patties  increased 
in  thickness  while  frozen  patties  (especially  those  after  storage) 
decreased  in  thickness.    Percent  moisture  in  raw  patties  decreased  slightly 
with  storage.    Percent  moisture  in  cooked  patties  was  considerably  higher 
in  patties  cooked  before  freezing  compared  to  those  cooked  after  freezing 
and/or  storage.    With  the  exception  of  the  0°F  in  96  hour  rate,  more  fat 
was  found  in  cooked  patties  following  freezing  than  before. 

In  conclusion,  it  does  not  appear  that  +20°F  is  a  suitable  storage 
temperature  even  for  six  months  storage.    Also,  in  contrast  to  patties  with 
soy,  patties  without  soy  do  not  appear  capable  of  being  held  in  frozen 
storage  as  long  without  detrimental  changes  occurring.    Again,  similar 
(although  not  as  dramatic)  to  what  occurred  for  patties  with  soy, 
tenderness  in  this  product  was  slightly  reduced  (especially  just 
post-freezing)  if  slower  rates  of  freezing  were  employed. 


5 

INTRODUCTION 

Freezing  as  a  processing  procedure  is  often  a  necessity  for  meat 
products  that  must  undergo  transcontinental  and  oceanic  distribution  or 
must  be  purchased  far  in  advance  of  consumption  due  to  supply,  price  and 
demand.    These  situations  are  frequently  prevalent  in  USDA's  purchase 
programs  of  ground  beef  for  the  school  lunch  program  and  DOD's  procurement 
of  meat  products  for  military  establishments.    In  order  to  maximize  storage 
life,  certain  specifications  regarding  freezing  rates,  storage 
temperatures,  packaging  materials,  raw  material  wholesomeness  are  applied. 

One  of  the  specifications  required  in  the  processing  of  meat  products 
for  government  procurement  deals  with  freezing  rate.    Prior  to  1982,  the 
requirement  was  that  the  product  must  be  frozen  to  10°F  in  72  hr.    Based  on 
a  variety  of  information  sources,  this  requirement  was  changed  in  1982  to 
0°F  in  72  hr,  which  reflects  a  faster  rate  of  freezing.    There  were  some 
representatives  from  industry  who  indicated  that  this  faster  freezing  rate 
imposed  hardships  on  their  operations  and  placed  them  in  non-competitive 
positions.    However,  there  are  others  (processors  and  end-users)  who 
maintain  that  faster  freezing  rates  improve  product  quality. 

In  terms  of  defining  what  freezing  rates  were  actually  being  used  in 
industry,  a  nationwide  survey  of  meat  freezing  operations  was  conducted. 
The  survey  indicated  that  a  wide  range  in  freezing  rates  was  being 
practiced;  some  faster  than  the  0°F  in  72  hr  requirement,  some  slower. 
Thus,  it  was  decided  to  evaluate  for  this  project,  four  different  freezing 
rates;  0°F  in  24,  48,  72  and  96  hr.     In  preliminary  studies,  it  was 
determined  that  wide  ranges  in  time  (often  as  much  as  36-48  hr  to  reach 
0°F)  exist  within  a  pallet  load  of  meat  in  terms  of  when  0°F  is  achieved. 
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Thus,  in  order  to  achieve  the  uniformity  in  freezing  rate  required  for  this 
study,  it  was  necessary  to  freeze  product  out  of  the  boxes,  spaced  out  on 
wire  mesh  racks. 

Due  to  the  lack  of  supportive  literature  to  answer  the  effects  of 
freezing  rate  on  meat  product  characteristics,  especially  in  conjunction 
with  frozen  storage  time  and  temperature,  this  project  was  inaugurated. 
Four  products  (beef  roasts,  bulk  ground  beef  with  soy,  ground  beef  patties 
with  soy,  ground  beef  patties  without  soy)  were  subjected  to  the  above  four 
freezing  rates,  two  initial  storage  temperatures  (0°F,  -lO'T),  three  final 
storage  temperatures  (0°F,  -10°F,  +20°F),  temperature  abuse  of  4  hr  at  85°F 
following  45  and  59  days  of  storage,  and  storage  times  of  0,  6,  9,  12,  18 
and  24  months  depending  on  the  product.    Evaluations  included  shelflife, 
microbial,  sensory,  instrumental  texture,  weight  loss,  chemical  and  cooking 
properties. 
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MATERIALS  AND  METHODS 
Processing,  Freezing  and  Storage 

The  overall  project  design  is  shown  in  Figure  1,    Ground  beef  products 
were  manufactured  at  a  local  meat  processing  establishment.    Ground  beef 
ingredients  and  product  formulation  conformed  with  USDA  specification  PPB 
2120.    Four  batches  (1100  pounds  per  batch)  of  the  ground  beef  product  were 
processed  on  four  different  days,  over  a  four-week  period.    The  final  fat 
content  of  each  batch  was  adjusted  to  meet  federal  interim  specification 
PPB  2120. 

All  batches  were  processed  (Hollymatic  400)  into  3-oz  patties  stacked 
16  high,  and  boxed  in  36  lb  boxes.    Boxes  met  USDA  specification  PPB  1163. 
The  boxes  were  specifically  constructed  for  ground  beef  patties,  dimensions 
were  19"xl3"x7".    After  boxing,  product  was  shipped  to  University  of 
Maryland  research  freezers  within  four  hours  of  processing.    At  the 
University,  stacks  of  patties  were  removed  from  boxes,  divided  into  two 
stacks,  eight  high,  and  placed  on  wire  racks,  specifically  constructed  for 
the  project,  within  the  freezer.    Copper  constantan  thermocouples,  attached 
to  temperature  recording  devices  (Campbell  Scientific  7,  Digitec  1000)  were 
inserted  into  the  geometric  centers  of  12  patties  placed  in  predetermined 
locations.    An  additional  six  thermocouples,  distributed  throughout  the 
freezer,  recorded  ambient  air  temperature.    The  freezer  thermostat  was  set 
at  a  temperature,  predetermined  from  preliminary  freezing  trials,  to 
achieve  0°F  in  24,  48,  72  or  96  hours.    Predetermined  temperature 
adjustments  were  made  at  specific  time  intervals  to  achieve  a  given 
freezing  rate.    All  thermocouple  temperatures  were  monitored  and  recorded 
hourly  throughout  the  freezing  process. 


Figure  1,    Project  design 
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After  freezing,  frozen  patties  were  stacked  16  high,  reboxed  and 
placed  in  storage  at  0°  or  -10°F.    After  45  and  60  days  of  storage  at  these 
temperatures,  one-half  of  the  boxed  product  in  each  rate  received 
temperature  abuse  (80°F  for  four  hours).    The  boxed  product  was  laid  on 
pallets  outside  of  the  laboratory  to  simulate  temperature  abuse  encountered 
in  normal  military  distribution  channels.    The  temperature  abuse  slightly 
thawed  the  product  surface.    On  day  60  of  frozen  storage,  all  product 
(abused  and  nonabused)  was  randomly  divided  and  placed  into  one  of  three 
final  storage  temperatures  +20°F,  0°F  or  -10°F  for  6,  9,  12,  18  or  24 
months. 

Sample  Selection 

Two  boxes  of  patties  representing  each  freezing  rate-i ni ti al -f i nal 
temperature  treatment  were  selected  for  evaluation  at  each  storage 
interval . 

Microbiological  Analysis 

Three  frozen  patties  were  aseptically  selected  from  each  box  (top 
patties  of  a  stack  were  always  excluded).    Individual  patties  were  placed 
in  sterile  petri  dishes  prior  to  analysis.    Representative  samples  (8.3  g) 
from  each  of  the  three  patties  were  combined  into  a  composite  sample  (25  g) 
representing  each  box.    The  25  g  sample  was  diluted  with  225  ml  of  peptone 
water  (1.0%,  Difco)  and  blended  two  minutes  in  a  stomacher  (Seward  No. 
400).    Serial  dilutions  (10-3-10-5)  were  prepared  from  the  blended 
sample  and  then  plated  in  duplicate  in  Tryptic  soy  agar  (Difco).  Total 
aerobic  plate  counts  were  made  after  48  and  72  hours  of  incubation  at 
23°C. 
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Table  1.    Microbiological  Procedures 


Quantitative 

L/cLci  INI  MdU  1  Uilb 

Mori  "i  ^ 

PI ating 
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Methods 
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Gram  stain 
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Shelflife 

A  trained  team  of  staff  members  evaluated  frozen  patties  within  the 
box  for  evidence  of  shelflife  deterioration.    Lean  color  and  surface 
discoloration  were  evaluated  on  four  patties  randomly  selected  from  the 
interior  of  patty  stacks,  while  freezer  burn  was  evaluated  from  top  patties 
of  four  stacks.    Off-odor  was  evaluated  on  the  entire  box.  Shelflife 
characteristics  and  scoring  systems  are  outlined  in  Table  2. 
Cooking  Methodology 

Preliminary  cooking  trials  established  predetermined  cooking  times 
needed  to  achieve  consistent  degrees  of  doneness  among  cooked  patties. 
Ground  beef  patties  were  cooked  directly  from  the  frozen  state  for  a  total 
of  seven  minutes  on  preheated  electric  griddles  (Farberware  #260  SP).  All 
patties  were  cooked  two  minutes  per  side,  then  an  additional  three  minutes 
with  frequent  turning,  to  avoid  excessive  browning.    Cooked  patties  were 
gently  blotted  prior  to  weighing  and  cutting.    Degree  of  doneness  scores 
were  evaluated  immediately  after  cutting.    All  patties  achieved  a  degree  of 
doneness  of  2  on  an  eight-point  photographic  scale  (8  =  very  rare,  1  =  very 
well  done). 
Percent  Yield 

Sixteen  patties,  randomly  selected  from  each  box  were  weighed  just 

before  and  after  freezing  and  after  frozen  storage.    Both  individual  patty 

and  complete  stack  weights  were  recorded.    Following  the  cooking  procedure, 

individual  patty  weights  were  recorded  for  cooked  yield  determination. 

%  yield  =  100  -    frozen  weight  -  cooked  weight  x  100 

frozen  weight 


Table  2.    Characteristics  and  scoring  systems  for  shelflife  evaluation 
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Surface  Discoloration 


1  Freezer  Burn 

Color  of  Lean^ 

Off-odor 

7  =  0% 

8 

=  Light  grayish  red 

4 

=  No  off-odor 

6  =  <10% 

7 

=  Very  light  cherry  red 

3 

=  Slight  off-odor 

5  =  11-25% 

6 

=  Moderately  light  cherry  red 

2 

=  Moderate  off-odor 

4  =  26-50% 

5 

=  Cherry  red 

1 

=  Extreme  off-odor 

3  =  51-75% 

4 

=  SI i ghtly  dark  red 

2  =  76-90% 

3 

=  Moderately  dark  red 

1  =  >90% 

2 

=  Dark  red 

1 

=  Very  dark  red 

0 

=  Dark  purplish  black 

^Photographic  scale  adapted  from  Western  Australian  beef  carcass 
classification  system 


1 
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Sensory  Evaluation 

Four  patties  from  each  treatment  were  randomly  selected  for  sensory 
analysis.    An  eight-member  descriptive  attribute  panel  was  trained 
according  to  the  procedures  of  Cross  et  al . ,  (1978).    Panelists  received 
two  warm  pieces  (1/8  of  a  patty)  to  evaluate  for  initial  tenderness,  final 
tenderness,  juiciness,  ground  beef  flavor  intensity,  presence  of  other 
flavors,  connective  tissue  and  mouth  coating  by  means  of  an  eight-point 
structured  scale  (Table  3).    Eight  =  extremely  tender,  juicy,  intense  in 
flavor,  lacking  connective  tissue  and  mouth  coating;  1  =  extremely  tough, 
dry,  bland,  abundant  in  connective  tissue  and  very  pronounced  mouth 
coating.    Panelists  met  three  times  a  week  for  two  sessions  per  day.  Each 
session  consisted  of  four  to  six  samples.    Serving  order  of  samples  within 
a  session  was  completely  random.    Panelists  were  instructed  to  eat  melba 
toast  and  drink  warm  apple  juice  between  samples  and  they  received  a 
ten-minute  break  between  sessions. 
Instron  Analysis 

Six  patties  per  treatment  were  randomly  selected  and  cooked  according 
to  established  cooking  procedures.    Cooked  patties  were  loosely  covered  and 
cooled  to  room  temperature  (25°C).    Each  patty  was  trimmed  to  a  6.0  cm  long 
section  than  cut  into  four  equal  3.0  cm^  pieces.    Each  piece  was  sheared 
with  a  straight  edge  shear  blade  attached  to  an  Instron  Universal  Testing 
Machine  (Model  1122),  equipped  with  a  micro  processor  (Microcon  II). 
Conf i gurati onal  Measurements 

Frozen  and  cooked  patty  thickness  and  diameter  were  recorded  on  all 
patties  cooked  for  Instron  analysis  in  order  to  express  shear  data  as 
Newtons  (expression  of  peak  load  in  relation  to  square  patty  area  being 
sheared)  and  to  evaluate  patty  shrinkage  following  cooking. 
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Chemical  Analyses 
TBA 

Three  frozen  patties  were  randomly  selected  from  each  box  and  allowed 
to  thaw  until  just  pliable  prior  to  analysis.    One  10  gram  sample  from  the 
center  of  each  patty  was  analyzed  in  duplicate  according  to  the 
distillation  procedure  of  Tarladgis  et  al .  (1960). 
Expressible  Juice 

Four  frozen  patties  per  box  were  selected,  placed  in  zip  lock  bags  and 
allowed  to  thaw  12  hours  at  4°C.    One  hour  before  analysis,  samples  were 
allowed  to  warm  up  to  25°C.    Expressible  moisture  was  determined  from  one 
sample  (400-600  mg),  removed  from  the  center  of  each  patty,  according  to 
the  procedure  of  Wierbecki  and  Deatherage  (1958)  with  modification 
described  by  Briskey  et  al.  (1959). 
Percent  Fat  and  Moisture  -  Raw 

Twenty-five  patties  from  each  box  were  selected  and  ground  three  times 
through  a  0.3  cm  plate  (Hobart  4612)  in  accordance  with  A.O.A.C.  procedures 
(1980).    Three,  5-gram  samples  were  analyzed  from  each  composite  sample. 
Percent  moisture  was  determined  by  weight  loss  following  8-12  hours  of 
drying  at  100°C  in  a  vacuum  oven  (Precision  524).    Percent  fat  was 
determined  on  the  dried  samples  by  weight  loss  following  16  hours  of 
extraction  with  petroleum  ether. 
Cooked  Fat  and  Moisture 

Twenty-four  patties  were  cooked  according  to  procedures  described 
previously  for  sensory,  yield  and  Instron  analyses.    Cooked  patties  were 
covered  tightly,  cooled  to  room  temperature  (25°C),  ground  and  analyzed 
according  to  procedures  described  for  raw  patties. 
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RESULTS  AND  DISCUSSION 

The  freezing  rate  curves  for  the  ground  beef  patties  without  soy  is 
depicted  in  Figure  2.    The  temperature  drop  for  the  0°F  in  96  hour  rate 
proceeded  faster  than  anticipated  and  approximated  the  0°F  in  72  hour  rate 
for  the  first  60  hours. 

Prior  to  freezing,  patties  selected  for  the  0°F  in  24  hour  freezing 
rate  seemed  to  have  more  of  the  lighter  colors  compared  to  the  formulations 
selected  for  the  other  rates  (Table  4).    Following  freezing,  this  was  still 
true,  but  the  differences  were  more  dramatic  (Table  5).    After  six  months 
storage,  there  seemed  to  be  more  dark  red  and  moderately  dark  red  but  also 
very  light  red  as  a  result  of  +20°F  rather  than  -10°?  and  0°F  final  storage 
(Table  6).    The  0°F  in  24  hour  frozen  product  also  had  more  of  the  light 
grayish  red  and  less  of  the  very  dark  red  color  assigned  to  it.    At  six 
months,  temperature  abused  patties  had  more  very  dark  red  and  cherry  red 
color  and  less  very  light  cherry  red  color  than  nonabused  product  (Table 
7).    Cherry  red  color  was  lower  for  the  0°F  final  temperature  product  at 
nine  months  for  the  0°F  in  72  and  96  hour  rates,  but  not  the  0°F  in  24  hour 
rate  (Table  8).    Very  dark  red  was  much  higher  under  0°F  rather  than  -10°F 
storage  but  only  for  the  0°F  in  72  hour  rate  (Table  8).    Again,  following 
twelve  months  of  storage,  there  were  indications  of  less  of  the  darker 
colors  for  patties  frozen  to  0°F  in  24  hours  (Table  9).    At  eighteen 
months,  the  faster  the  freezing  rates,  the  lighter  the  color  scores 
assigned  by  the  panel  (Table  10).    For  the  0°F  in  24  and  48  hour  rates, 
there  was  less  cherry  red  color.    For  the  0°F  final  storage  temperature 
compared  to  the  -10°F  final  storage  temperature. 

The  greatest  change  for  light  grayish  red  color  was  simply  due  to 
freezing,  when  for  some  rate,  it  reduced  from  10%  to  0%  (Table  11). 
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Figure  2.    Freezing  curves  to  reach  0°F  in  24,  48,  72  and  96  hours 
for  ground  beef  patties  without  soy. 


Table     4.    Color  scores  assigned  to  ground  beef  patties  without 
soy  pric  to  freezing^ 


Freezing  Kate,  hours  to  U°F 


Col  or 

24 

48 

72 

96 

Dark  red 

0.00 

3.37 

2.28 

0.50 

Moderately  dark  red 

6.64 

16.83 

13.70 

12.38 

SI i ghtly  dark  red 

19.43 

20.67 

18.72 

20.30 

Cherry  red 

11  .85 

4.33 

10.50 

7.92 

Moderately  light  cherry  red 

21  .80 

22.12 

17.35 

20.79 

Very  light  cherry  red 

22.75 

22.12 

21  .46 

21  .78 

Light  grayish  red 

17.54 

10.58 

1  5.98 

16.34 

Chi-square  =  32.92,  P<.017. 

^Values  are  percentages  of  scores  assigned  within  a  freezing  rate. 
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Table  5.  Color  scores  assigned  to  ground  beef  patties  without 
soy  according  to  freezing  rate  immediately  following 
f reezi  ng3 


Freezing  Kate,  hours  to  0°F 


Col  or 

24 

48 

72 

96 

Blackish  purple 

0 

.00 

0 

.00 

1 

.69 

0 

.73 

Very  dark  red 

0 

.00 

7 

.45 

1  1 

.81 

10 

.95 

Dark  red 

4 

.64 

17 

55 

19 

.83 

19 

.34 

Moderately  dark  red 

14 

.95 

13 

.30 

14 

.77 

14 

.96 

SI i ghtly  dark  red 

23 

.20 

17. 

55 

16 

03 

18 

.61 

Cherry  red 

7 

.73 

8 

.51 

4 

.64 

4 

.74 

Moderately  light  cherry  red 

24 

.23 

18. 

62 

19 

.83 

19 

.34 

Very  light  cherry  red 

22 

.68 

15 

.43 

11 

.39 

1 1 

.31 

Light  grayish  red 

2 

.58 

1  . 

60 

0. 

00 

0 

.00 

Chi-square  =  82.70,  P<.0001. 

^Values  are  percentages  of  scores  assigned  within  a  freezing  rate. 
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Table      7.    Color  scores  assigned  to  ground  beef 
patties  without  soy  according  to 
temperature  abuse  following  six 
months  storage^ 


Temperature  Abuse 
Color  T  N 


Very  dark  red 

5.Z3 

1 

.18 

Dark  red 

17.39 

19 

.47 

Moderately  dark  red 

16.10 

19 

.17 

Slightly  dark  red 

18. «4 

1  7 

.70 

Cherry  red 

b.80 

1 

.18 

Moderately  light  cherry  red 

17.56 

15 

.34 

Very  light  cherry  red 

16.75 

23 

.01 

Light  grayish  red 

2.33 

2 

.95 

Chi-square  =  31 .1 1 ,  P<.0001 . 

^Values  are  percentages  of  scores  assigned 
within  an  abuse  category.    T  =  temperature 
abuse,  N  =  not  temperature  abused. 
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Table      9.    Color  scores  assigned  to  ground  beef  patties  without 
soy  according  to  freezing  rate  following  twelve 
months  storage^ 


Freezing  Kate,  hours  to  U°F 


Col  or 

24 

48 

72 

yo 

Blackish  purple 

U 

.00 

0 

.00 

0 

42 

0 

.00 

Very  dark  red 

2 

.75 

') 
c 

>  i  o 

o 

A 

h? 
t  V  c 

Dark  red 

12 

.37 

18 

.72 

19. 

41 

16 

.15 

Moderately  dark  red 

14 

.78 

15 

.74 

13 

.92 

15 

.38 

SI i ghtly  dark  red 

19 

.69 

20. 

00 

18. 

99 

1  7 

.69 

Cherry  red 

8 

.59 

9 

.79 

4 

.64 

10 

.38 

Moderately  light  cherry  red 

19 

.93 

20. 

00 

20. 

25 

19 

.23 

Very  light  cherry  red 

18 

.21 

13 

.19 

13 

.92 

15 

.77 

Light  grayish  red 

3 

.78 

0. 

43 

0. 

00 

0 

.77 

Chi-square  =  48.60,  P<.002. 

^Values  are  percentages  of  scores  assigned  within  a  freezing  rate 
category . 
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However,  this  color  was  detected  for  the  0°F  in  24  hour  product  even  after 
eighteen  months  storage.    Cherry  red  color  also  became  less  as  a  result  of 
freezing  the  patties  (Table  12).    This  color  was  more  apparent  on  patties 
from  the  faster  freezing  rates  especially  for  the  0°F  final  storage 
temperature.    Also,  the  colder  the  final  storage  temperature,  the  more 
prevalent  this  color  became. 

Table  13  illustrates  the  general  scores  assigned  to  patties  for 
surface  discoloration.    Especially  for  0°F  in  72  and  96  hour  rates, 
freezing  itself  produced  considerable  discoloration.    Advances  in  storage 
time  and  especially  the  use  of  +20°F  final  storage  temperature  accelerated 
discoloration.    As  mentioned  above,  freezing  itself  produced  more 
discoloration,  which  was  significant  (P<.05)  for  the  0°F  in  72  and  96  hour 
rates  (Table  14).    However,  before  freezing,  there  was  less  discoloration 
on  patties  produced  for  the  0°F  in  96  hour  rate  vs  the  0°F  in  24  and  48 
hour  rates  (Table  15).    At  nine  months  of  storage,  more  discoloration  was 
noted  for  the  0°F  in  72  hour  rate  in  contrast  to  the  0°F  in  48  hour  rate, 
while  at  twelve  months  this  freezing  rate  had  more  discoloration  than  both 
the  0°F  in  48  and  96  hour  rate.    Regardless  of  temperature  abuse,  the  +20°F 
final  storage  resulted  in  more  surface  discoloration  than  -10  and  0°F 
storage  (Table  16).    After  six  months  storage,  initial  and  final  storage  at 
-10°F  produced  less  discoloration  than  product  initially  stored  at  -10°F 
and  then  finally  at  0°F.    No  other  differences  (P<.05)  were  detected  among 
initial  and  final  temperatures  of  -10  and  0°F  (Table  17).    At  nine  months 
of  storage,  patties  initially  and  finally  stored  at  0°F  were  rated  as  being 
more  discolored  than  patties  initially  stored  at  0°F  and  finally  at  -10°F 
(Table  18).    The  -10°F  final  storage  temperature  produced  less  surface 
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Table      13.     General  table  illustrating  sensory  scores  for  surface  dis- 
coloration in  ground  beef  patties  without  soy  throughout  storage 
and  according  to  final  storage  temperature  and  rate  of  freezing  - 
no  statistical  analyses^ 


Freezing  rate,  hours  to  0°F 


Evaluation        Final  storage 

time  temperature,  °F  24  48  72  96 


Before  freezing 

+ 

.JO 

H  .  /  1 

+ 

7  7 
.  /  / 

J  .  Z  J 

1 

+ 

7  0 

17 
J.J/ 

J- 
T 

m  JZ 

Immediately  following 

freezing,  1  day 

4.23 

+ 

.38 

4.21 

+ 

.54 

3.87 

+ 

.57 

3.69 

+ 

.58 

6  months 

-lOT 

3.85 

+ 

.62 

3.44 

+ 

.56 

3.56 

+ 

.42 

3.93 

+ 

.45 

OT 

A. 
1 

.0:7 

AH 

J  .  H  0 

J. 

.JO 

1 

.JO 

J .  J  J 

.  JX 

20T 

1.17 

T 

.28 

1.31 

T 

.32 

1.33 

+ 

.32 

1.15 

+ 

.23 

20N 

1.29 

+ 

.25 

1.23 

+ 

.25 

1.29 

+ 

.25 

1.29 

+ 

.29 

9  months 

-lOT 

3.28 

+ 

.36 

3.28 

+ 

.37 

3.02 

+ 

.41 

3.12 

+ 

.51 

OT 

3.06 

+ 

.65 

3.47 

T 

.56 

2.52 

+ 

.50 

3.25 

+ 

.44 

12  months 

-lOT 

2.92 

+ 

.57 

3.33 

+ 

.44 

2.92 

+ 

.70 

3.69 

+ 

.44 

-ION 

3.08 

+ 

.49 

3.81 

+ 

1.10 

2.75 

+ 

.46 

2.92 

+ 

.38 

OT 

2.55 

+ 

.15 

3.12 

+ 

.53 

1.92 

+ 

.56 

2.78 

+ 

.45 

ON 

2.46 

+ 

.33 

2.56 

+ 

.51 

2.34 

+ 

.68 

2.71 

4- 

.62 

18  months 

-ION 

2.22 

+ 

.50 

2.17 

+ 

.49 

1.95 

+ 

.48 

2.37 

+ 

.34 

ON 

2.20 

+ 

.39 

2.21 

+ 

.42 

^  Mean  +  S.E.     T  =  temperature  abused,  N  =  not  temperature  abused. 
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Table     14.     Interaction  effect  of  storage  time  (just  before  and  after  freezing)  and 
freezing  rate  on  sensory  scores  for  surface  discoloration  in  ground 
beef  patties  without  soy 

 Freezing  rate,  hours  to  Q°F  

Evaluation 

time  24  48  72  96 

Before  freezing  4.73  +  .12bc        4.71  +  .12bc        5.23  +  .12ab        5.37  +  .13a 

Immediately  following 

freezing,  1  day  4.23  +  .12cd        4.21  +  .17cd        3.87  +  .13d         3.69  +  .13d 

abed  Any  mean  comparison  with  different  letters  is  different  (P<.05).    Mean  +  S.E. 


1059Q,  p.  8 


Table     15.     Effect  of  freezing  rate  on  sensory  scores  for  surface  discoloration 
in  ground  beef  patties  without  soy  at  various  storage  intervals 


Freezing  rate,  hours  to  0°F 


Evaluation 
time 


24 


48 


72 


96 


Immediately  before 

freezing,  1  day        4.73  +  .14b 


9  months 
12  months 


3.17  +  .llab 
2. 64  +  .13ab 


4.71  +  .14b        5.23  +  .14ab      5.38  +  .14a 
3.37  +  .11a        2.77  +  .lib        3.19  +  .llab 
3.01  +  .13a        2.39  +  .13b        3.00  +  .13a 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


1059Q,   p.  5 
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Table  15.  Effect  final  storage  temperature  on  sensory  scores  for  surface 
discoloration  in  ground  beef  patties  without  soy  following  six 
months  storage 


 Final  storage  temperature,  °F  

-10  0  20T  20N 


3.70  +  .055a      3.62  4-  .055a      1.24  +  .055b      1.28  +  .055b 


ab  Means  on  the  same  line  with  different  letters  are  aiflerent  CP<.05j. 
Mean  +  S.E. 
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Table     17.     Interaction  effect  of  initial  storage  temperature  and  final  storage 
temperature  on  sensory  scores  for  surface  discoloration  in  ground 
beef  patties  without  soy  following  six  months  storage 


 Final  storage  temperature,  °F  

Initial  storage 

temperature,   °F  ^10  0  20T  20N 

-10  2.88  +  .14a         2.04  +  .14bcd      1.77  +  .14cde      1.38  +  .14e 

0  2.35  +  .14abc      2.47  +  .14ab        1.61  +  .14de        1.50  +  .14de 


abcde  A.ny  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E.     T  =  temperature  abused,  N  =  not  temperature  abused. 


losyq,  p.  10 


35 


Table    18.     Interactions  effect  of  initial  storage  temperature  and 
final  storage  temperature  on  sensory  scores  for  surface 
discoloration  in  ground  beef  patties  without  soy 
following  nine  months  storage 


 Final  storage  temperature,  °F 

Initial  storage 

temperature,   °F  -10  0  

-10  3.15  +  .llab  3.21  +  . llab 

0  3.32  +  .11a  2.83  +  .lib 


ab  Any  mean  comparison  with  different  letters  is  different 
(P<.05).     Mean  +  S.E. 
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Table  19.  Effect  of  final  storage  temperature  on  sensory  scores  for  surface 
discoloration  in  ground  beef  patties  without  soy  following  twelve 
months  storage 


Final  storage  temperature,  °F 


-lOT  OT  ON 


3.22  +  .12a  2.39  +  .12b  2.52  +  .12b 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E.     T  =  temperature  abused,  N  =  not  temperature  abused. 
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Table  20.  Effect  of  final  storage  temperature  on  sensory  scores  for  surface 
discoloration  in  ground  beef  patties  without  soy  following  twelve 
months  storage 


Final  storage  temperature,  °F 


-10  0 


3.19  +  .12a  2.72  +  .12b 


ab  Difference  between  means  significant  (P<.05).     Mean  +  S.E.     Includes  both 
temperature  and  nontemperature  abused  product  initially  stored  at  -10°F. 
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j  Table     21.     Effect  of  various  storage  time  comparisons  on  sensory  scores  for 
surface  discoloration  in  ground  beef  patties  without  soy 


39 


Evaluation  Time 


Immediately  following  freezing, 

1 

day 

6  months 

4.00  +  .08a 

2.40  +  .08b 

Immediately  following  freezing, 

1 

day 

9  months 

4.00  +  .12a 

3.13  +  .12b 

Immediately  following  freezing. 

1 

day 

12  months 

4.00  +  .17a 

2.77  +  .17b 

Immediately  following  freezing, 

1 

day 

12  months'^ 

4.00  +  .18a 

2.95  +  .18b 

Immediately  following  freezing, 

1 

day 

18  months'^ 

4.00  +  .11a 

2.20  +  .lib 

Immediately  following  freezing, 

1 

day 

18  months^ 

4.22  +  .17a 

2.20  +  .17b 

12  months 

18  months 

2.93  +  .14a 

2.17  +  .20b 

ab  Differences  between  means  on  the  same  line  are  significant  (P<.05). 
Mean  +  S.E. 

Includes  only  -10 °F  initial  storage  temperature. 
^  Includes  only  -10°F  final  storage  temperature. 
^  Includes  only  0 °F  in  24  and  48  hr  freezing  rates. 
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Table     24.     Interactioa  of  final  storage  temperature,  storage  time  (six,  nine 
months),  and  initial  storage  temperature  on  sensory  scores  for 
surface  discoloration  in  ground  beef  patties  without  soy 


Final  storage 
temperature,  °F 


Evaluation 
time 


Initial  storage  temperature,  °F 


■10 


0 


-10 


3.bO  +  .09a 
3.14  +  .09de 


3.59  +  .Oyabc 
3.21  +  .09cde 


3.58  +  .09abc 
3.32  +  .09bcd 


3.67  +  .09ab 
2.82  +  .09e 


abode  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1059Q,   p.  9 
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Table    25.     Interaction  effect  storage  time  (nine,  twelve  months)  and  final 

storage  temperature  on  sensory  scores  for  surface  discoloration  in 
ground  beef  patties  without  soy 


 Final  storage  temperature,  °F 

Evalua  tion 

time,  months  -10   0  


9  3.18  +  .098a  3.08  +  .098a 

12  3.22  +  .098a  2.59  +  .098b 


ab  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1059Q,  p.  6 
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Table  26.  General  table  illustrating  sensory  scores  for  off-odor  in  ground  beef 
patties  without  soy  throughout  storage  and  according  to  final  storage 
temperature  and  rate  of  freezing  -  no  statistical  analysis^ 


Freezing  rate,  hours  to  °F 


Evaluation  Final  storage 

time  temperature,   °F  24  48  72  96 


Before  freezing 

4  00 

4- 

0  00 

A  00 

_l_ 
T 

0  00 

A  00 

I 

0  flO 

A  00 

0  00 

Immediately  following 

freezing,  1  day 

4.00 

+ 

0.00 

4.00 

+ 

0.00 

4.00 

+ 

0.00 

4.00 

+ 

0.00 

6  months 

-lOT 

3  37 

49 

3  ?9 

-f. 

46 

3  1  7 

48 

3  40 

-I- 

50 

OT 

T 

.  J± 

J .  /  J 

.  J  J 

I.  •  O  J 

T 

.  '+0 

J  .  zu 

T 

20T 

1.67 

T 

.56 

1.71 

+ 

.46 

1.54 

+ 

.51 

1.95 

+ 

.39 

20N 

1.67 

+ 

.48 

1.71 

+ 

.55 

1.71 

+ 

.55 

1.54 

+ 

.51 

9  months 

-lOT 

3.25 

+ 

.45 

3.12 

+ 

.34 

3.30 

+ 

.57 

3.25 

+ 

.44 

OT 

3.19 

+ 

.40 

3.00 

+ 

.52 

3.30 

+ 

.47 

3.35 

+ 

.49 

12  months 

-10  T 

2.70 

+ 

.47 

2.67 

+ 

.49 

2.75 

+ 

.45 

2.81 

+ 

.40 

-ION 

2.50 

+ 

.55 

2.75 

+ 

.46 

2.50 

+ 

.53 

2.50 

+ 

.55 

OT 

2.30 

+ 

.47 

2.33 

+ 

.49 

2.50 

+ 

.52 

2.56 

+ 

.63 

ON 

2.50 

+ 

.52 

2.12 

+ 

.34 

2.19 

+ 

.40 

2.50 

+ 

.52 

18  months 

-ION 

2.35 

+ 

.50 

1.95 

+ 

.22 

2.05 

+ 

.51 

2.12 

+ 

.34 

ON 

2.30 

+ 

.47 

2.05 

+ 

.39 

^  Mean  +  S.D.     T  =  temperature  abused,  N  =  not  temperature  abused. 


1059Q,  p.  25 
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Table     27.     Interaction  effect  of  final  storage  temperature  and  rate  of 

freezing  on  sensory  scores  for  off-odor  in  ground  beef  patties 
without  soy  following  six  months  storage 


 Freezing  rate,  hours  to  0°F  

Final  storage 

temperature,   °F  24  48  72  96  

-10  3.37  +  .089a      3.29  +  .089ab    3.17  +  .089ab    3.40  +  .089a 

0  3.44  +  .089a      3.25  +  .089ab    2.83  +  .089b      3.20  +  .089ab 

20T  1.67  +  .089c      1.71  +  .089c      1.54  +  .089c      1.95  +  .089c 

20N  1.67  +  .089c      1.71  +  .089c      1.71  +  .089c      1.54  +  .089c 


abc  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E.     T  =  temperature  abused,  N  =  not  temperature  abused. 


1059Q,  p.  29 
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Table    28.     Interaction  effect  of  initial  storage  temperature  and  final  storage 
temperature  on  sensory  scores  for  off-odor  in  ground  beef  patties 
without  soy  following  twelve  months  storage 


 Final  storage  temperature,  °F 

Initial  storage 

temperature,  °F  -IQT  OT  ON 


-10  2.55  +  .074b  2.51  +  .074b  2.27  +  .074b 

0  2.91  +  .074a  2.33  +  .074b  2.38  +  .074b 


ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05) 
Mean  +  S.E.     T  =  temperature  abuse,  N  =  not  temperature  abused. 


1059Q,  p.  26 


Table    29.     Effect  of  freezing  rate  on  sensory  scores  for  off-odor  in  ground 
beef  patties  without  soy  following  eighteen  months  storage 


Freezing  rate,  hours  to  0°F 


24  48 


2.32  +  .060a  2.00  +  .060b 


ab  Difference  between  means  significant  (P<.05).    Mean  +  S.E. 


1059Q,  p.  23 
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Storage  time  comparisons  with  values  for  off-odor  obtained  just 
post-freezing  revealed  more  off-odor  (Table  30).    Patties  frozen  to  0°F  in 
12  hours  had  more  off-odor  at  six  months  compared  to  0°F  in  24  hour  product 
(Table  31).    This  difference  was  not  noted  at  nine  months.    Following  nine 
months  of  storage,  most  of  the  nonabused-i ni ti al -f i nal  temperature 
combinations  had  more  off-odor  than  just  post-freezing,  while  these 
comparisons  were  nonsignificant  (P>.05)  for  temperature  abused  product 
(Table  32).    Between  nine  and  twelve  months,  all  the  initial-final 
temperature  combinations  showed  an  increase  in  off-odor  with  the  exception 
of  patties  stored  initially  at  0  and  finally  at  -10°F  (Table  33). 

Freezer  burn  appeared  to  be  influenced  (increased)  most  by  +20°F  final 
storage  and  longer  periods  of  storage  (Table  34).    When  evaluations 
occurred  at  six  months,  the  n°F  final  storage  temperature  produced  more 
freezer  burn  than  -10°F  only  if  the  initial  storage  temperature  was  -10°F. 
Also  +20°F  temperature  abused  patties  did  not  differ  in  freezer  burn  from 
0°F  final  temperature  storage  when  initial  storage  was  0°F  (Table  35).  At 
twelve  months,  -10°F  final  temperature  abused  product  displayed  less 
freezer  burn  than  0°F  final  non-temperature  abused  product  (Table  36). 
Following  eighteen  months  of  storage,  less  freezer  burn  was  detected  on  the 
surface  of  n°F  in  24  hour  frozen  patties  vs  patties  frozen  to  0°F  in  48 
hours  (Table  37).    Also,  at  eighteen  months,  surprisingly,  0°F  initial 
storage  temperature  resulted  in  less  freezer  burn  than  -in°F  initial 
temperature  (Table  38). 

Increases  in  storage  time,  as  would  be  expected,  produced  more  freezer 
burn  (Table  39).    Following  six  months  of  storage,  the  only  i ni ti al -f i nal 
temperature  combination  to  not  have  any  more  freezer  burn  to  that  found 
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Table    30.     Effect  of  various  storage  time  comparisons  on  sensory  scores  for 
off-odor  in  ground  beef  patties  without  soy 


Evaluation  Time 

Immediately  following  freezing,  1  day  6  months 


4.00  +  .063a 

2.47  +  .063b 

Immediately  following  freezing, 

1  day 

9  months 

4.00  +  .070a 

3.22  +  .070b 

Immediately  following  freezing. 

1  day 

12  months 

4,00  +  .11a 

2.47  +  .lib 

Immediately  following  freezing, 

1  day 

18  months^ 

4.00  +  .09a 

2.16  +  .09b 

Immediately  following  freezing. 

1  day 

18  months^ 

4.00  +  .07a 

2.11  +  .07b 

12  months^ 

18  months^ 

2.42  +  .08a 

2.12  +  .lib 

ab  Difference  between  means  on 

the  same 

line  significant  (P<.05) 

Mean  +  S.E. 

^  Includes  just  0°F  in  24  and  48  hr  freezing  rate. 
^  Includes  just  -10 °F  final  storage  temperature. 

^  Includes  just  -10°F  final  storage  temperature  and  non  temperature  abused 
product 


1059Q,  p.  24 


Table  31,  Interaction  effect  of  storage  time  (six,  nine  months)  and  freezing 
rate  on  sensory  scores  for  off-odor  in  ground  beef  patties  without 
soy 


Freezing  rate. 

hours  to  0°F 

Evaluation 
time,  months 

24 

48 

72 

96 

6 

3.41  + 

.065a 

3.27  +  .065ab 

3.00  +  .065b 

3 

.30  + 

.065ab 

9 

3.22  + 

.065ab 

3. 06  +  .065b 

3.30  +  .065ab 

3 

.30  + 

.065ab 

ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E. 


1059Q,  p.  27 
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Table    33.     Interaction  effect  of  storage  time  (nine,  twelve  months),  initial 
storage  temperature,  final  storage  temperature  on  sensory  scores 
for  off-odor  in  ground  beef  patties  without  soy 


Final  storage  temperature,  °F 


Evaluation 

Initial  storage 

time,  months 

temperature,  °F 

-10 

0 

9 

-10 

3.27  + 

.06a 

3.15 

+ 

.06ab 

0 

3.19  + 

.06ab 

3.27 

+ 

.06a 

12 

-10 

2.55  + 

.06c 

2.51 

+ 

.06c 

0 

2.91  + 

.06b 

2.33 

+ 

.06c 

abc  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1059Q,  p.  28 
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Table    34.    General  table  illustrating  sensory  scores  for  freezer  burn  in 

ground  beef  patties  without  soy  throughout  storage  and  according 
to  final  storage  temperature  and  rate  of  freezing  -  no  statistical 
analyses^ 


 Freezing  rate,  hours  to  0°F  

Evaluation        Final  storage 

time  temperature,  °F  24  48  72  96  . 


Before  freezing 


Immediately  following 


freezing,  1  day 

3.18 

+ 

.58 

3.29 

+ 

.66 

2.87 

+ 

.63 

3.41 

+ 

.60 

6  months 

-lOT 

2.63 

+ 

.83 

2.67 

+ 

.69 

2.56 

+ 

.76 

2.60 

+ 

.31 

OT 

2.30 

+ 

.74 

2.54 

+ 

.61 

2.12 

.42 

2.05 

+ 

.46 

20T 

1.65 

+ 

.37 

1.69 

+ 

.55 

1.56 

+ 

.47 

1.87 

+ 

.48 

20N 

1.60 

+ 

.47 

1.33 

+ 

.35 

1.45 

+ 

.26 

1.37 

+ 

.34 

9  months 

-lOT 

2.47 

+ 

.22 

2.78 

+ 

.48 

2.27 

+ 

.66 

2.55 

+ 

.36 

OT 

2.30 

+ 

.44 

2.23 

+ 

.58 

2.32 

+ 

.49 

2.61 

+ 

.71 

12  months 

-lOT 

2.40 

+ 

.68 

2.56 

+ 

.90 

2.58 

+ 

.19 

2.31 

+ 

.63 

-ION 

2.41 

+ 

.49 

2.94 

+ 

.62 

2.50 

+ 

.46 

2.42 

+ 

.20 

OT 

2.37 

+ 

.51 

1.58 

+ 

.47 

2.25 

+ 

.45 

2.16 

+ 

.65 

ON 

2.21 

+ 

.50 

1.75 

+ 

.45 

2.25 

+ 

.58 

1.87 

.43 

18  months 

-ION 

2.23 

+ 

.33 

1.67 

+ 

.52 

2.12 

+ 

.60 

1.72 

+ 

.48 

ON 

2.02 

+ 

.57 

1.57 

+ 

.29 

a  Mean  +  S.D.  T 

=  temperature 

abused. 

N 

=  not 

temperature 

abused. 

1059Q,  p.  18 


Table     35.     Interaction  effect  of  final  storage  temperature  and  initial 

storage  temperature  on  sensory  scores  for  freezer  burn  in  ground 
beef  patties  without  soy  following  six  months  storage 


Initial  storage  temperature,  °F 


Final  storage  Temperature 

temperature,   °F      abuse  -10  0 


-10 

T 

2.88 

+ 

.13a 

2.35 

+ 

. 13abc 

0 

T 

2.04 

+ 

.13bcd 

2.47 

+ 

.13ab 

+20 

T 

1.77 

+ 

.13cde 

1.61 

+ 

.13de 

+20 

N 

1.38 

+ 

.13e 

1.50 

+ 

.13de 

abode  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E.     T  =  temperature  abused,  N  =  not  temperature  abused. 


1059Q,  p.  22 
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Table    36.     Effect  of  final  storage  temperature  on  sensory 
scores  for  freezerburn  in  ground  beef  patties 
without  soy  following  twelve  months  storage 


 Final  storage  temperature,  °F 

-lOT  OT  ON 


2.46  +  .12a  2.09  +  .12ab  2.02  +  .12b 


ab  Means  on  the  same  line  with  the  same  letters  are  not 
different  (P>.05).    Mean  +  S.E.     T  =  temperature  abuse. 
N  =  not  temperature  abused. 


1059Q,  p.  15 


Table    37,     Effect  of  freezing  rate  on  sensory  scores  for  freezer  burn  in 

ground  beef  patties  without  soy  following  eighteen  months  storage 


Freezing  rate,  hours  to  0°F 


24 


48 


2.13  +  .12a 


1.62  +  .12b 


ab  Difference  between  means  significant  (P<.05).    Mean  +  S.E. 


1059Q,  p.  17 
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Table    38,     Effect  of  Initial  storage  temperature  on  sensory  scores  for  freezer 
burn  in  ground  beef  patties  without  soy  following  eighteen  months 
storage 


Initial  storage  temperature,  °F 


-10  0 


1.56  +  .U85b  2.23  +  .069a 


ab  Difference  between  means  significant  (P<.05).    Mean  +  S.E.     Includes  just 
-10°F  final  storage  temperature. 


1059Q,  p.  16 


Table    39.    Effect  of  various  storage  time  comparisons  on  sensory  scores  for 
freezer  burn  in  ground  beef  patties  without  soy 


Evaluation  Time 

Immediately  following  freezing,  1  day  6  months 


3.19  +  .14a 

2.U0  +  .14b 

Immediately  following  freezing, 

1  day 

9  months 

3.19  +  .14a 

2.44  +  .14b 

Immediately  following  freezing. 

1  day 

12  months*^ 

3.19  +  .18a 

2.34  +  .18b 

Immediately  following  freezing. 

1  day 

12  months 

3.19  +  .17a 

2.19  +  .17b 

Immediately  following  freezing, 

1  day 

18  months'^ 

3.19  +  .09a 

1.90  +  .09b 

Immediately  following  freezing, 

1  day 

18  months^ 

3.23  +  .23a 

1.88b 

12  months 

18  months 

2.26  +  .12a 

1.67  +  .18b 

ab  Differences  between  means  on  the  same  line  significant  (P<.05). 
Mean  +  S.E. 

^  Includes  only  -10 °F  initial  storage  temperature. 
^  Includes  only  -10 °F  final  storage  temperature. 


®  Includes  only  O^F  in  24  and  48  hr  freezing  rates. 


1059Q,  p.  14 


post-f  rep;^i  ng  was  t'lP  use  of  -in°F  for  hotli  initial  antl  final  storage 
(Tahl^  ''T).     "iona^-Miso  1 ,  -1(1°F  final  stfire-'  patties  were  sinilar  at  ti'/elve 
rnnths  in  freezer  l)iirn  to  patties  evali/ateri  just  f ol  1  nvi nj  fref^zing  (Tal-^le 
-'^n.     After  eighteen  -lontfis  of  ';torage,  initial  storage  at  either  -10  or 
<^°f  for  0°F  in  '^'1  hour  pro^'uct  failed  to  increase  freezer  burn  f)ver  that 
noted  just  after  freezing  (Tahle  ^.2).     Increases  '■'id  occur  for  the  n°F  in 
and  9fi  hour  rates. 

'General  data  pertaining  to  aerobic  plate  counts  are  shown  in  Table  -'^2. 
Cnunts  di<-i  not  differ  greatly  as  a  result  of  the  study,  although  thpr<>  was 
sor^e  slight  reduction  as  storage  time  advanced,     before  the  initiation  of 
the  project  an-i  at  all  evaluation  tines  thereafter,  prorh.ict  selecte'i  for 
the  0°F  in  ?^  and  4*^  hour  rates  hac<  lower  counts  tlian  the  other  two  rates 
(Table  ^1).    Adjusting  these  data  for  pre-freezing  differc^nces  rer^oved  I'ucli 
of  tlie  freezing  rate  e^'fects;  however,  patties  frozen  to  0°F  in  hours 
still  fiad  higher  counts  at  six,  nine  and  twelve  nonths  (Table  '^S). 
Following  six  nonths  storage,  patties  subjected  to  +?0°F  storage  ha^  lower 
/^T'C  than  patties  held  at  the  otl'er  two  final  tenperatures  (Table  46).  At 
nine  nonths,  product  initially  stored  at  -in°F  had  a  very  sliglit  increase 
in  counts  over  n°F  initial   storage  (Table  47).     At  twelve  months,  pjatties 
held  at  -in°F  final  temperature  were  slightly  higher  in  APC  than  n°F  storo'^ 
pitties  (Table  ^'l) .     After  twelve  itionths  of  storage,  jjattif'S  frozen  to  n°F 
in  ?A  hours  were  higher  in  bacterial  counts  than  n°F  in  48  hour  frozen 
patties,  only  if  finally  storc''<  at  n°F  and  not  terperaturo  abuso^i  (Table 
49).     Adjusting  tliese  data  for  pre-freezing  rate  effects  eliminated  tin's 
difference  (Table  50).     After  eighteen  I'lontlis,  patties  frozen  to  0"F  in  'V\ 
hours  had  lower  counts  tfian  patties  frozen  to  0°F  in  ?4  hours  (Table  51). 
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Table    41.     Effect  of  storage  time  (immediately  following  freezing,  twelve  months)  on 
sensory  scores  for  freezer  burn  in  ground  beef  patties  without  soy 


12  months 

storage 

Temperature  abuse 
T 

N 

Immediately  following 
freezing,  1  day 

Final  storage  temperature,   °F  = 
-10  0 

-10  0 

3.19  +  .16a 

2.47  +  .16b        2.36  +  .16b 

2.57  +  .16ab      1.95  +  .16b 

ab  Means  on  the  same  line  with  the  same  letters  are  not  different  (P>.05).     Mean  +  S.E. 
Includes  only  -10°F  initial  storage  temperature.     T  =  temperature  abused.     N  =  not 
temperature  abused. 


1059Q,  p.  19 
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Table    45.     Effect  of  freezing  rate  on  aerobic  plate  count  for  ground  beef 
patties  without  soy  following  various  storage  periods  -  data 
adjusted  for  differences  prior  to  freezing 


Freezing  rate,  hours  to  0°F 


Evaluation 

time,  months  24  48  72  96 


6 

5.42 

+ 

.035b 

5.32 

+ 

.035b 

5.42 

+ 

.035b 

5.66 

+ 

.035a 

9 

5.42 

+ 

.026b 

5.34 

+ 

.026c 

5.49 

+ 

.026ab 

5.55 

+ 

.026a 

12d 

5.38 

+ 

.035b 

5.26 

+ 

.035b 

5.33 

+ 

.035b 

5.55 

+ 

.035a 

abc  Means  on  the  same  line  with  different  letters  are  different 
(P<.05).     Mean  +  S.E. 


d  Includes  just  -10°F  Initial  storage  temperature. 
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Table  46.  Effects  of 
counts  for 
six  months 

final  storage  temperature  on  aerobic  plate 
ground  beef  patties  without  soy  following 
storage 

Final  Storage  Temperature,  °F 

-lOT 

or  +20T 

+20N 

5.63  +  .035a 

5.63  +  .035a       5.28  +  .035b 

5.27  +  .035b 

ab    Means  on  the  same  line  with  different  letters  are  different 
(P<.05);  Mean     S.E.    Values  are  logio/g. 


Table    47.    Effect  of  final  storage  temperature 
on  aerobic  plate  counts  for  ground 
beef  patties  without  soy  following 
nine  months  of  storage 


Initial  storage  temperature,  °C 
-10  0 


5.49  +  .018a  5.42  +  .018b 


ab    Difference  between  means  are  significant 
(P<.05);  Mean  +_  S.E.    Values  are  logio/g. 


Table  48.  Effects  of  final  storage  temperature 
on  aerobic  plate  counts  for  ground 
beef  patties  without  soy  following 
twelve  months  of  storage 


Final  Storage  Temperature,  °C 
-10  0 


5.46  +  .025a  5.30  +  .025b 


ab    Difference  between  means  was  significant 
(P<.05);  Mean  +^  S.E.    Values  are  logio/g* 
Includes  only  -10°F  initial  storage 
temperature.    Includes  both  temperature 
abused  and  nonabused  product. 
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Table    50.     Interaction  effect  of  final  storage  temperature  and  rate  of 

freezing  on  aerobic  plate  counts  in  ground  beef  patties  without 
soy  following  twelve  months  storage  —  data  adjusted  for 
differences  prior  to  freezing 


Freezing  rate,  hours  to  0°F 


Final  storage 

temperature,   °F  24  48  72  96 


-lOT 

5.34 

+ 

.055ab 

5.23 

+ 

.055b 

5.39 

+ 

.055ab 

5.59 

+ 

.055a 

OT 

5.21 

+ 

.055b 

5.25 

+ 

.055ab 

5.34 

+ 

.055ab 

5.29 

+ 

.055ab 

ON 

5.46 

+ 

.055ab 

5.23 

+ 

.055b 

5.23 

+ 

.055b 

5.40 

+ 

. 055ab 

ab  Any  mean  comparison  with  the  same  letters  is  not  different 
(P>.05).    Mean  +  S.E.     T  =  temperature  abused,  N  =  not 
temperature  abused. 


1103Q,  p.  2 


Table  51.  Effects  of  rate  of  freezing  on 
aerobic  plate  counts  for  ground 
beef  patties  without  soy  following 
18  months  of  storage 


Freezing  rate. 

hours  to  0''F 

24 

48 

5.18  +  .054a 

4.99  +  .054b 

ab    Difference  between  means  are  significant 
{P<.05).    Mean     S.E.    Values  are  logio/Q* 
Includes  only  nonabused  product. 


72 

Freeziny  in  itself  sli'jhtly  re<^{icvd  APC  (Tahlp  5?).     Storage  tine 
C0!i'[)a  ri  sons  (Taf>l'>  53)  with  just  [)OSt-f  reezi  ny  reveal  e^i  r^ecreases  in  "^t'C 
with  Storage  tine,    /^t  six  months,  all  j)atties  stored  initially  at  f)°F  and 
thns(^  stored  at  +?.()°f  frov  -in°F  initial  storage  had  lov^er  counts  than  that 
ohserved  j'ust  after  freezing  (Table  b^).    Retween  six  and  nine  norths, 
counts  ^tecreaspd  (Tahl?    i''-).     Between  nine  and  tv/elve  nontlis  of  storage,  no 
changes  were  found  except  for  a  decrease  in  counts  for  the  n°F  in  ''^6  hour 
frozen  patties  finally  stored  at  0°F  (Table  56).     Adjusting  th^se  data  for 
pre-freezinc  differences  failed  to  change  these  results  (Table  57). 

The  next  set  of  data  illustrates  changes  in  TRA  values.  Values 
substantially  increased  as  a  result  of  +2n°F  storage  and  to  so^^e  degree 
witi")  longer  storage  (Table  58).     At  six  p'onths  of  storage,  regardless  of 
freezing  rate,  +?0°F  final  storage  produced  higher  TBA  values  (Table  59). 
For  patties  frozen  to         in  48  hours  those  that  v/ere  stored  at  +20°F  and 
temperature  abused  had  lower  TBA  values  than  those  not  abused.  Following 
twelve  nontlTS  of  storage,  -10°F  initial  storage  generated  higher  TBA  than 
0°F  storage  (Table  'SD),     Also  at  twelve  months,  nonahused  patties  had 
higher  TJ^A  values  than  tenperature  abused  patties  \'hen  final  terpperature 
was  0°F  (Table  61). 

Table  f>^  shows  with  the  exception  of  a  TRA  decrease  just  due  to 
freezing,  storage  produced  higher  values  compared  to  just  post-freezing. 
Following  six  months,  TBA  values  for  patties  stored  under  any  i ni ti al -f i nal 
temperature  comf-ii  nat  i  on  using  -10  and  n°F  di^*  not  diff(?r  fro'-i  those  note'' 
just  after  freezing,  however,  +?(1°F  values  were  all  much  higher  (Table  68). 
TRA  values  incr(^ased  between  nine  and  tvvelve  months  fcjr  pattios  initially 
stored  at  -in°F,  but  not  (Table  64). 


Table  52.   Effects  of  freezing  on  aerobic  plate 
counts  for  ground  beef  patties 
without  soy 


Evaluation  Time 

Immediately 
after  freezing. 
Before  freezing  1  day  

6.01  +  .015a  5.83  +  .022b 


ab    Difference  between  means  significant 

(P<.05);  Mean     S.E.    Values  are  logio/g* 


Table  53.    Effects  of  storage  time  (comparisons  of 

immediately  following  freezing  with  various 
storage  times,  months)  on  aerobic  plate 
counts  for  ground  beef  patties  without  soy 


Evaluation  Time  Comparisons 


Immediately  following 
freezing,  1  day 

5.83  +  .026a 

Immediately  following 
freezing,  1  day 

5.83  +  .023a 

Immediately  following 
freezing,  1  day 

5.83  +  .025a 

Immediately  following 
freezing,  1  day 

5.83  +  .034a 

Immediately  following 
freezing,  1  day 

5.83  +  .043a 


6  months 


5.45  +  .026b 


9  months 


5.45  +  .023b 

12  months 
5.33  +  .025b 

18  months 
5.40  +  .034bC 

18  months 
5.09  +  .043bd 


ab  Means  on  the  same  line  with  different  letters  are 

different;  Means     S.E.    Values  are  logig/g* 
^Includes  only  -10°F  final  storage  temperature  product. 
^Includes  only  0°F  in  24  and  48  hr  freezing  rate  product, 
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Table    55.    Effects  of  storage  time  (six,  nine 
months)  on  aerobic  plate  counts  for 
ground  beef  patties  without  soy 


Evaluation  Time,  months 
6  9 
5.63  +  .016a  5.45  +  .016b 

ab  Differences  between  means  are  significant 
(P<.05);  Mean  _+  S.E.    Values  are  logio/9* 
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Table    59.     Interaction  effect  of  final  storage  temperature  and  rate  of 
freezing  on  TBA  values  for  ground  beef  patties  without  soy 
following  six  months  of  storage 


Freezing  rate,  hours  to  0°F 


Final  storage 

temperature,  °F  24  48  72  96 


-lOT 

2.90 

+ 

.37d 

2.26 

+ 

.37d 

2.88 

+ 

.37d 

2.75 

+ 

.37d 

OT 

3.24 

+ 

.37d 

2.52 

+ 

.37d 

3.67 

+ 

.37d 

2.57 

+ 

.37d 

20T 

8.88 

+ 

.37ab 

6.47 

+ 

.37c 

8.87 

+ 

.37ab 

7.00 

+ 

.37bc 

20N 

8.40 

+ 

.37ab 

8.95 

+ 

.37ab 

9.84 

+ 

.37a 

7.46 

+ 

.37b 

abed  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E.    T=temperature  abused.    N=not  temperature  abused. 
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Table    60.     Eff  ect  of  initial  storage  temperature  on  TBA  values  for  ground 
beef  patties  without  soy  following  twelve  months  storage 


 Initial  storage  temperature,  °F  

-10  0 

3.80  +  .087a  3.44  +  .087b 


ab  Difference  between  means  significant  (P<.05).    Mean  +  S.E. 
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Table    61 .     Effect  of  final  storage  temperature  on  TBA  values  for  ground  beef 
patties  without  soy  following  twelve  months  storage 


Final  storage 

temperature,  °F 

-lOT 

OT 

ON 

3.51  +  .lib 

3.4 

+  .lib 

3.94  +  .11a 

ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E.     T=temperature  abused.    N=not  temperature  abused. 
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Table     62.     Effect  of  various  storage  time  comparisons  on  TBA  values  for  ground  beef 
patties  without  soy 


Evaluation  time 


Immediately  before  freezing 

Immediately  following  freezing,  1  day 

2.38  +  .13a 

1.90  +  .13b 

Immediately  following 

freezing , 

1  day 

6  months 

1.90  +  .29b 

5.52  +  .29a 

Immediately  following 

freezing, 

1  day 

9  months 

1.90  +  .29b 

2.88  +  .18a 

Immediately  following 

freezing , 

1  day 

12  months*^ 

1.90  +  .17b 

3.62  +  .17a 

Immediately  following 

freezing, 

1  day 

12  months'^ 

1.91  +  .19b 

3.74  +  .19a 

Immediately  following 

freezing, 

1  day 

18  months^ 

1.89  +  .40b 

3.89  +  .40a 

Immediately  following 

freezing , 

1  day 

18  months f 

2.02  +  .27b 

4.41  +  .27a 

ab  Means  on  same  line  with  different  letters  are  different  (P<.05).    Mean  +  S.E. 


c  Includes  both  temperature  and  nontemperature  abused  product. 

d  Includes  just  -10°F  initial  storage  temperature  product. 

e  Includes  only  0°F  in  24  and  48  hour  freezing  rate  product. 

f  Includes  all  four  freezing  rates,  but  only  nontemperature  abused  product. 
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Table  64  .     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 

initial  storage  temperature  on  TBA  values  for  ground  beef  patties 
without  soy 


Evaluation 
time ,  months 

Initial  storage 

temperature,  °F 

-10 

0 

9 

2.86  + 

.12b 

2.89 

+ 

.12b 

12 

3.71  + 

.12a 

3.2 

+ 

.12b 

ab  Any  mean  comparison  with  different  letters  Is  different  (P<.05). 
Mean  +  S.E. 
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Tho  intensity  of  qroun':)  beof  flavor  !iecreasf^''1  as  a  rosult  of  +?0°F 
storarje  and  lon^jer  storarje  tii"G  (Table  At  six  '''onths,  th',-  colder  the 

final   storaqe  temperature,  the  "lore  intense  v/as  grounH  heef  flavor  (Tahle 
6^^).     '^hvioiisly,  nijch  of  this  decrease,  which  can  he  observed  in  the  next 
section  of  the  report,  was  due  to  the  appearance  of  other  flavors  (rancid) 
typically  associated  v-ith  stora-je.     At  six  i"onths  for  +?n°F  stored  product, 
ten^l'eratii re  abuse  decreased  TRA  values.     The  opposite  of  this  occurre^^  for 
0°F  final  stored  product  at  twelve  nonths  of  storage  (Table  67).    At  riine 
r^onths,  0°F  in  72  hour  frozen  patties  were  highest  in  intensity  of  ground 
benf  flavor,  while  at  twelv^  months,  both  '^°F  in  7?  and  ?4  hour  patties 
were  highest  in  intensity  (Table  68). 

Longer  periods  of  storage,  nainly  conpared  with  just  post-freezing, 
showed  reductions  in  the  ground  beef  flavor  intensity  of  cooked  patties 
(Table  69).     At  six  "lonths  of  storage,  both  0  and  +?0°F  final  storage 
produced  lowpr  ground  beef  flavor  intensity  (Table  7!)).     Between  six  and 
nine  months,  there  were  indications  (nonsignificant.  P>.f)5)  that  flavor 
intensity  '-"ecreased  for  (1°F  in  ?A  hour  stored  patties,  while  increasing  for 
n°F  in  17  hour  stored  patties  (Table  71).     After  nine  nonths  of  storage, 
only  product  initially  stored  at  -in°F  and  finally  at  !'1°F  ('/as  l':iwer  in 
ground  beef  flavor  intensity  than  patties  evaluated  just  after  freezing 
(Table  7?). 

Following  six  nonths  of  storage,  rancid  was  the  most  prevalent  ottier 
detoctablo  flavor  noted  (Ta'-.le  73).     It  must  be  pointed  out  that  for 
example  the  values  don't  mean  that  ^^^f  of  all  evaluations  or  samples  had 
son.?  level  of  raticidity,  'Mit  rather  that  ^d"'  of  all  the  detectable  flavors 
for  a  particular  freezing  rate-temperature  co"ibi  nat  i  on ,  etc.,  were  rancid. 
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Table    66.     Effect  of  final  storage  temperature  on  sensory  scores  for  ground 

beef  flavor  intensity  in  ground  beef  patties  without  soy  following 
six  months  storage 


 Final  storage  temperature,  °F  

-lOT  OT  20T  20N 


4.05  +  .055a  3.80  +  .055b  2.95  +  .055d  3.22  +  .055c 


abed  Means  on  the  same  line  with  different  letters  are  different  (P<.05) 
Mean  +  S.E.,  T  =  temperature  abused,  N  =  not  temperature  abused. 


1039Q,  p.  55 
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Table    67 .     Effect  of  final  storage  temperature  on  sensory  scores  for  ground 

beef  flavor  intensity  in  ground  beef  patties  without  soy  following 
twelve  months  storage 


 Final  storage  temperature,  °F 

-lOT  ■  OT  ON 


3.83  +  .062a         3.71  +  .062a  3.38  +  .062b 


a  Means  on  the  same  line  with  different  letters  are  different  (P<.05), 
Mean  +  S.E.,  T  =  temperature  abused,  N  =  not  temperature  abused. 


1039Q,  p.  56 
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Table.    68.     Effect  of  freezing  rate  on  sensory  scores  for  ground  beef  flavor 

intensity  in  in  ground  beef  patties  without  soy  following  nine  and  twelve 
months  storage 


Evaluation   Freezing  rate,  hours  to  0°F  

time,  months  24  48  72  96 

9  3.83  +  .10b  3.98  +  .lOab  4.32  +  .10a  3.80  +  .10b 

12^  3.82  +  .07a  3.56  +  .07ab  3.75  +  .07a  3.43  +  .07b 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05), 
Mean  +  S.E. 

c  Includes  both  abused  and  nonabused  product  for  0°F  final  storage  temperature. 


1039Q,  p.  57 
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Table    69 .     Effect  of  various  storage  time  comparisons  on  sensory  scores  for 
ground  beef  flavor  intensity  in  ground  beef  patties  without  soy 


Evaluation  time 


Immediately  following 
freezing)  1  day  

4.33  +  .094a 

Immediately  following 
freezing,  1  day  

4.33  +  .12a 

Immediately  following 
freezing,  1  day  

4.33  +  .12a 

Immediately  following 
freezing,  1  day  

4.33  +  .10a 

 9  months  

3.98  +  .05a 

Immediately  following 
freezing,  1  day  

4.33  +  .12a 

Immediately  following 
freezing,  1  day  

4.60  +  .16a 

12  months 


6  months 


3.50  +  .094b 


9  months 


3.98  +  .12b 


12  months^ 


3.66  +  .12b 


12  mont  hsd 


3.64  +  .10b 

12  months 


3.77  +  .05b 


18  months^ 


3.40  +  .12b 


18  months-' 


3.49  +  .16b 
18  months 


3.53  +  .04a 


3.35  +  .04b 


ab  Differences  between  means  on  the  same  line  are  significant  (P<.05), 
Mean  +  S.E. 

c  Includes  just  -10°F  initial  storage  temperature. 

d  Includes  both  temperature  and  nontemperature  abused  product  for  0°F  final 
storage  temperature. 

e  Includes  just  -10°F  final  storage  temperature. 

f  Includes  just  0°F  in  24  and  48  hr  freezing  rates.  1039Q,  p.  54 
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Table       71.     Interaction  effect  of  storage  time  (six,  nine  months)  and 

freezing  rate  on  sensory  scores  for  ground  beef  flavor  intensity 
in  ground  been  patties  without  soy^ 


Evaluation   Freezing  rate,  hours  to  0°F  

time,  months  24  48  72  96 


6  4.23  +  .12        3.76  +  .12  3.77  +  .12  3.94  +  .12 

9  3.83  +  .12       3.98  +  .12  4.32  +  .12  3.80  +  .12 


^  Interaction  significant  (P<.05)  by  analysis  of  variance  but  not  by  HSD, 
Mean  +  S.E. 


1039Q,  p.  52 
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Table    72.     Effect  of  storage  time  (immediately  following  freezing,  nine  months) 
on  sensory  scores  for  ground  beef  flavor  intensity  in  ground  beef 
patties  without  soy 


 9  months  storage  

Initial  storage  temperature,  °F  = 

Immediately   -10    0  

following  Final  storage  temperature, °F= 

freezing,  1  day  ^10  0  2i2  ^  

4.33  +  .11a  3.96  +  .llab      3.82  +  .lib  4.19  +  .llab      3.97  +  .llab 


ab  Means  on  the  same  line  with  the  same  letters  are  not  different  (P>.05), 
Mean  +  S.E. 


1039Q,  p.  53 
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Regardless  of  the  freezing  rate,  at  six  months  of  storage  under  +20°F 
temperature,  over  2/3  of  the  detected  flavors  were  classified  under  rancid. 
Sour,  bitter  and  metallic  often  were  found  to  be  10-20%  of  the  flavors  for 
a  certain  treatment  combination,  but  followed  no  particular  trend.    Also  at 
six  months,  there  were  indications  that  temperature  abuse  reduced  slightly 
the  presence  of  rancid  flavor  (Table  74). 

Rancid  made  up  a  high  proportion  of  the  detectable  flavors  after  nine 
months  of  storage  (Table  75),  especially  for  the  0°F  in  96  hour  rate. 
Bitter  was  prevalent  for  the  0°F  in  72  hour  frozen  patties  regardless  of 
final  storage  temperature  and  metallic  was  seldom  ever  noted  for  0°F  in  96 
hour  frozen  patties.    After  twelve  months  of  storage,  -10°F  final  storage 
temperature  produced  more  sour,  but  less  rancid  flavor  than  0°F  (Table  76). 
Actually,  a  considerable  amount  of  rancid  flavor  was  detected  in  the 
non-frozen  patties  from  the  various  formulations  prior  to  the  study  (Table 
77).    Just  after  freezing,  no  rancidity  was  detected  for  0°F  in  24  hour 
frozen  product,  but  was  over  1/3  of  the  flavors  for  the  other  rates. 
Excluding  the  +20°F  temperature  where  high  levels  of  rancid  flavor  were 
noted  even  after  six  months  (and  thus  eliminated  them),  the  incidence  of 
rancidity  for  some  rates  did  not  increase  much  more  until  between  12  and  18 
months  of  storage.    However,  for  the  0°F  in  96  hour  frozen  product, 
considerable  increase  in  occurrence  of  rancid  flavor  took  place  between  six 
and  nine  months  even  under  -10  and  0°F  storage. 

Mouthcoating  from  mainly  fat  would  not  expect  to  be  greatly  influenced 
by  this  study  unless,  considerable  moisture  loss  occurred.    General  data 
for  mouthcoating  is  shown  in  Table  78.    There  were  indications  at  six 
months  of  storage  that  mouthcoating  was  more  prevalent  in  patties  held  at 


Table     74.     Detectable  flavor  scores  assigned 
to  ground  beef  patties  without  soy 
according  to  temperature  abuse 
following  six  months  storage'^ 


Temperature  Abuse 


Detectable  Flavors 

T 

N 

Sour 

6.7y 

6.67 

Bitter 

9.13 

6.U6 

Metal  1 ic 

5.62 

4.85 

Sweet 

1  .87 

U.UU 

Ranci  d 

58.78 

ll.Yl 

Salty 

0.47 

U.61 

Unidenti  f ied 

17.33 

9.7U 

Chi-square  =  12.58,  P<.05. 

^Values  are  percentages  of  scores  assigned 

within  a  temperature  abuse  category. 

T  =  temperature  abused,  N  =  not  temperature 

abused. 
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Table   76.     Detectable  flavor  scores  assigned 
to  ground  beef  patties  without  soy 
according  to  final  storage 
temperature  following  twelve  months 
storage^ 


Final  Storage  Temperature,  °F 


Detectabl e 
f 1 avors 

-lU 

0 

Sour 

lU 

.84 

b 

^8 

Bitter 

7 

.88 

.63 

Metal  lie 

lU 

.34 

lU 

.y^ 

Sweet 

1 

.97 

I 

.41 

Rancid 

57 

.14 

71 

.13 

Salty 

0 

.49 

0 

.00 

Unidenti  f i  ed 

11 

.33 

5 

.63 

Chi-square  =  15.72,  P<.015. 
^Values  are  percentages  of  scores  assigned 
with  final  storage  temperature  categories. 
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+20°F  (Table  79).    Freezing  rate  within  a  storage  temperature  did  not 
greatly  change  the  values.    The  0°F  in  96  hour  rate  at  nine  months  did  have 
less  mouthcoating  compared  to  0°F  in  48  and  72  hour  rates  (Table  80). 
After  both  nine  and  twelve  months,  patties  held  at  -10°F  were  rated  as 
having  less  mouthcoating  than  patties  stored  at  0°F  (Table  81,  82). 

Advancements  in  storage  in  comparison  to  just  post-freezing  produced 
more  effect  of  mouthcoating  (Table  83).    For  the  most  part,  with  the 
exception  of  nonabused  product,  storage  at  +20°F  for  six  months  resulted  in 
more  mouthcoating  than  storage  at  the  other  two  temperatures  or  evaluation 
just  post-freezing  (Table  84).    Patties  frozen  to  0°F  in  96  hours  at  nine 
months  had  less  mouthcoating  than  its  counterpart  at  six  months  or  the  0°F 
in  48  and  72  hour  rates  at  nine  months  (Table  85).    There  were  indications 
that  for  the  O^F  in  48  and  72  hour  rates,  mouthcoating  became  less  between 
just  post-freezing  and  nine  months,  while  the  opposite  was  true  for  the  0°F 
in  96-hour  rate  (Table  86).    There  were  signs  at  twelve  months  that  0°F 
final  storage  produced  an  increase  in  mouthcoating  compared  to  just  after 
freezing,  while  no  changes  occurred  in  patties  held  at  -10°F  (Table  87). 

Generally,  the  slower  the  freezing  rate,  the  greater  the  decrease  in 
juiciness  of  cooked  patties  when  evaluations  occurred  just  post-freezing 
(Table  88).    There  were  indications  of  a  slight  decrease  in  juiciness  with 
advancements  in  storage.    A  substantial  decrease  in  juiciness  scores 
occurred  for  patties  from  the  0°F  in  96-hour  rate  from  before  to  just  after 
freezing  (Table  89).    This  reduction  did  not  occur  for  the  other  three 
rates.    However,  following  freezing,  the  juiciness  scores  of  the  0°F  in 
96-hour  frozen  patties  were  lower  only  in  contrast  to  the  0°F  in  24-hour 
patties  (Table  90).    After  twelve  months,  product  from  the  0°F  in  48-hour 
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:able     79  .     Interaction  effect  of  final  storage  temperature  and  rate  of  freezing  on 
sensory  scores  for  mouthcoating  in  ground  beef  patties  without  soy 
following  six  months 


Final  storage   Freezing  rate,  hours  to  0°F  

temperature,  °F         24  48  72  % 


-lOT 

6. 

25 

+ 

.060a 

6. 

06 

+ 

.060abcd 

6 

.15 

+ 

.060ab 

6. 

02 

+ 

.060abcde 

OT 

6. 

03 

+ 

.OeOabcd 

6. 

11 

+ 

.OeOabc 

6 

.04 

+ 

.ObOabcd 

5. 

87 

+ 

.060bcdef 

20T 

5. 

77 

+ 

.OeOdef 

5. 

81 

+ 

.060cdef 

5 

.70 

+ 

.060ef 

5. 

64 

+ 

.060f 

20N 

5. 

77 

+ 

.OeOdef 

5. 

92 

+ 

.060bcdef 

5 

.94 

+ 

.060abcdef 

6. 

04 

+ 

.060abcd 

abcdef  Any  mean  comparison  with  different  letters  is  different  (P<.05),  Mean  +  S.E., 
T  =  temperature  abused,  N  =  not  temperature  abused. 


1039Q,  p.  45 
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Table       80.     Effect  of  freezing  rate  on  sensory  scores  for  mouchcoating  in 
ground  beef  patties  without  soy  following  nine  months  storage 


 Freezing  rate,  hours  to  Q°F  

24  48  72  96 


6.21  +  .051ab     6.06  +  .051b        6.02  +  .051b        6.37  +  .051a 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05), 
Mean  +  S.E. 


1039Q,  p.  ^6 
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Table    81.     Effect  of  final  storage  temperature  on  sensory  scores  for 

mouthcoating  in  ground  beef  patties  without  soy  following  either  nine 
or  twelve  months 


Evaluation   Final  storage  temperature,  °F 

time,  months  -10  0 


9  6.22  +  .036a  6.10  +  .036b 

12^  6.25  +  .036a  6.13  +  .036b 


ab  Differences  between  means  on  the  same  line  significant  (P<.05), 
Mean  +  S.E. 

^  Includes  just  -10 °F  initial  storage  temperature. 


1039Q,  p.  47 
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Table     82.     Effect  of  final  storage  temperature  on  sensory  scores  for 

mouthcoating  in  ground  beef  patties  without  soy  following  twelve 
months  storage 


 Final  storage  temperature,  °F 

-lOT  OT  ON 


6.28  +  .037a  6.17  +  .037ab         6.12  +  .037b 


ab  Differences  between  means  significant  (P<.05).    Mean  +  S.E., 
T  =  temperature  abused,  N  =  not  temperature  abused. 


1039Q,  p.  49 
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Table    83  .     Effect  of  various  storage  time  comparisons  on  sensory  scores  for 
mouthcoating  in  ground  beef  patties  without  soy 


Evaluation  time 


Immediately  following 
freezing,  1  day  

6.30  +  .047a 

Immediately  following 
freezing,  1  day  

6.30  +  .060a 

Immediately  following 
freezing,  1  day  

6.30  +  .065c 

Immediately  following 
freezing,  1  day  


6  months 


5.94  +  .047b 


9  months 


6.16  +  .060b 

18  months'^ 
6.11  +  .065b 

18  months'^ 


6.42  +  .083a 


6.14  +  .083b 


ab  Differences  between  means  on  the  same  line  significant  (P<.05), 
Mean  +  S.E. 

c  Includes  just  -10 °F  final  storage  temperature, 
d  Includes  just  0°F  in  24  and  48  hr  freezing  rates. 


1039Q,  p.  48 
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Table      85.     Interaction  effect  of  storage  time  (six,  nine  montns)  and 

freezing  rate  on  sensory  scores  for  mouth  coating  in  ground  beef 
patties  without  soy 


Evaluation   Freezing  rate,  hours  to  Q°F  

time,"  months  24  48  72  %  

6  6.14  +  .058ab    6.08  +  .058b        6.10  +  .058ab      5.95  +  .058b 


6.21  +  .058ab    6.05  +  .058b        6.02  +  .058b        6.37  +  .058a 


ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05), 
Mean  +  S.E. 
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Table     88.    General  table  illustrating  sensory  scores  for  juiciness  in  ground  beef 
patties  without  soy  throughout  storage  and  according  to  final  storage 
temperature  and  rate  of  freezing  -  no  statistical  analyses^ 


Freezing  rate,  hours  to  0°F 


Evaluation  Final  storage 

time  temperature,  °F       24  48  72  96 


4  43 

4- 

4  95 

4- 

4  95 

-{- 

58 

5.00 

.  67 

Immediately  following 

freezing,  1  day 

5.00 

+ 

.74 

4.75 

+ 

.68 

4.35 

+ 

.49 

3.61 

+ 

.53 

6  months 

-lOT 

5.02 

+ 

.71 

4.61 

+ 

.63 

4.44 

+ 

.67 

4.50 

+ 

.67 

OT 

4.86 

+ 

.53 

4.44 

+ 

.66 

4.37 

+ 

.65 

4.57 

+ 

.87 

20T 

4.59 

+ 

.47 

4.21 

+ 

.74 

4.24 

+ 

.71 

4.34 

+ 

.67 

20N 

4.62 

+ 

.62 

4.68 

+ 

.77 

4.44 

+ 

.64 

4.37 

+ 

.87 

9  months 

-lOT 

4.40 

+ 

.63 

4.41 

+ 

.56 

4.62 

+ 

.61 

4.46 

+ 

.71 

OT 

4.62 

+ 

.81 

4.83 

+ 

.69 

4.56 

+ 

.78 

4.39 

+ 

.84 

12  months 

-lOT 

4.33 

+ 

.64 

4.22 

+ 

.50 

4.59 

+ 

.66 

4.29 

+ 

.56 

-ION 

4.78 

+ 

.71 

4.11 

+ 

.66 

4.29 

+ 

.67 

4.56 

+ 

.57 

OT 

4.34 

+ 

.65 

4.18 

+ 

.54 

4.55 

+ 

.64 

4.03 

+ 

.57 

ON 

4.80 

+ 

.59 

4.09 

+ 

.54 

4.39 

+ 

.64 

4.42 

+ 

.54 

18  months 

-ION 

4.31 

+ 

.51 

4.42 

+ 

.43 

4.41 

+ 

.66 

4.02 

+ 

.70 

ON 

4.40 

+ 

.62 

4.40 

+ 

.53 

^  Mean  +  S.E.,  T  =  temperature  abused,  N  =  not  temperature  abused. 
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Table     89  .     Interaction  effect  of  storage  time  (just  before  and  after  freezing) 
and  freezing  rate  on  sensory  scores  for  juiciness  in  ground  beef 
patties  without  soy 


Evaluation   Freezing  rate,  hours  to  0°F  

time  24  48  72  96 


Before  freezing  4.43  +  *l4a       4.95  +  .14a         4.95  +  .14a         5.00  +  .14a 

Immediately  following 

freezing,  1  day  5.00  +  .14a       4.75  +  .14a         4.37  +  .I4ab       3.61  +  .14b 


ab  Any  mean  comparison  with  the  same  letter  is  not  different  (P>.05), 
Mean  +  S.E. 


1039Q,  p.  28 
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Table      90.     Effect  of  freezing  rate  on  sensory  scores  for  juiciness  in  ground  beef 
patties  without  soy  following  several  storage  periods 


Evaluation   Freezing  rate,  hours  to  0°F  

time  24  48  72  96  

Immediately 
following  freezing, 

1  day  5.00  +  .18a       4.75  +  .18ab       4.37  +  .18ab       3.61  +  .18b 

12  months  4.49  +  .08a       4.16  +  .08b         4.51  +  .08a         4.25  +  .08ab 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05), 
Mean  +  S.E. 


1039Q,  p.  18 
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rate  was  evaluated  as  less  juicy  in  comparison  with  the  0°F  in  24  and 
72  hour  rates.    At  six  months  and  within  the  temperature  abused  product, 
+20°F  produced  lower  juiciness  than  -ICF  final  storage  (Table  91).  After 
twelve  months  storage,  patties  frozen  to  0°F  in  48  hours  were  rated  as  less 
juicy  than  patties  frozen  to  0°F  in  24  hours  only  if  they  were  not 
temperature  abused  (Table  92). 

Additional  storage  (immediately  following  freezing  vs  eighteen  months; 
nine  vs  twelve  months)  reduced  juiciness  scores  (Table  93),  Juiciness 
scores  increased  at  six  months  for  some  initial-final  temperature 
combinations  for  product  frozen  to  CF  in  96  hours  (Table  94),    Between  six 
and  nine  months,  juiciness  decreased  only  for  the  O'^F  in  24  hour  rate 
(Table  95),    However,  at  six  months,  patties  from  the  0°F  in  24  hour  rate 
were  rated  as  higher  in  juiciness  than  all  the  other  rates.    While  the  0°F 
in  96  hour  freezing  rate  produced  lower  juiciness  in  patties  immediately 
following  freezing  compared  to  the  0°F  in  24  and  48  hour  rates,  these 
differences  were  not  detected  after  nine  months  of  storage  (Table  96).  The 
same  situation  was  apparent  at  twelve  months  of  storage  (Table  97). 
Between  twelve  and  eighteen  months  of  frozen  storage,  juiciness  values 
declined  only  for  the  0°F  in  96  hour  rate  (Table  98).    At  twelve  months, 
patties  originally  frozen  to  0°F  in  24  hours  were  more  juicy  than  those 
frozen  to  0°F  in  48  hours  (Table  99).    At  eighteen  months,  these 
differences  were  not  detected  (P>.05).    After  eighteen  months  of  storage, 
only  patties  from  the  0°F  in  24  hour  rate  initially  stored  at  -10°F 
initially  were  lower  in  juiciness  than  evaluations  made  just  post-freezing 
(Table  100). 
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Table    91.     Effect  of  final  storage  temperature  on  sensory  scores  for  juiciness 
in  ground  beef  patties  without  soy  following  six  months  storage 


 Final  storage  temperature,  °F  

-lOT  OT  20T  20N 


4.64  +  .057a  4.56  +  .057ab         4.34  +  .057b       4.53  +  .057ab 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05), 
Mean  +  S.E.,  T  =  temperature  abused,  N  =  not  temperature  abused. 
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Table    93.     Effect  of  various  storage  time  comparisons  on  sensory  scores  for 
juiciness  In  ground  beef  patties  wlhout  soy 


Evaluation  time 


Immediately  following 
freezing,  1  day  

4.87  +  .14a 

 9  months  

4.54  +  .04a 


18  months 
4.38  +  .14b 
12  months 
4.32  +  .04b 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.03). 
Mean  +  S.E. 
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Table      95.     Interaction  effect  of  storage  time  (six,  nine  months)  and 

freezing  rate  on  sensory  scores  for  juiciness  in  ground  beef 
patties  without  soy 


Evaluation   Freezing  rate,  hours  to  0°F  

time,  months  24  48  72  96 


6  4.94  +  .079a      4.53  +  .079b       4.41  +  .079b       4.54  +  .079b 

9  4.51  +  .079b      4.62  +  .079ab      4.59  +  .079ab      4.43  +  .079b 


ab  Any  mean  comparison  with  the  same  letter  is  not  different  (P>.05), 
Mean  +  S.E. 
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Table      98.     Interaction  effect  of  storage  time  (twelve,  eighteen  months)  and 
rate  of  freezing  on  sensory  scores  for  juiciness  in  ground  beef 
patties  without  soy 


Evaluation   Freezing  rate,  hours  to  0°F  

time,  months  24  48  72  96 


12  4.78  +  .10a       4.16  +  .lObc       4.39  +  .lOabc      4.48  +  .lOab 

18  4.40  +  .lOabc    4.52  +  .lOab       4.21  +  .lObc       3.92  +  .10c 


abc  Any  mean  comparison  with  the  same  letter  is  not  different  (P>.05), 
Mean  +  S.E. 
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Table   99  .     Interaction  effect  of  storage  time  (twelve,  eighteen 
months)  and  freezing  rate  on  sensory  scores  for 
juiciness  in  ground  beef  patties  without  soy 


Evaluation                       Freezing  rate,  hours  to  0°F 
time,  months  24  48  

12  4.80  +  .10a  4.09  +  .10b 

18  4.40  +  .lOab  4.40  +  .lOab 


ab  Any  mean  comparison  with  the  same  letters  is  not  different 
(P>.05),  Mean  +  S.E. 
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Sensory  scores  in  general  format  for  initial  tenderness  are  provided 
in  Table  101.    Again,  as  with  patties  with  soy,  there  were  trends  for: 
(1)  slower  freezing  rates  to  produce  toughening,  (2)  freezing  in  itself  to 
drastically  reduce  tenderness,  and  (3)  slight  reductions  to  occur  in 
tenderness  with  longer  storage.    Before  freezing,  there  were  no  differences 
in  initial  tenderness  among  the  four  different  formulations  (freezing 
rates).    However,  freezing  reduced  tenderness  in  all  four  freezing  rates 
(Table  102).    Following  freezing,  patties  frozen  to  0°F  in  24  hours  were 
evaluated  as  more  tender  than  all  other  rates.    Also  patties  from  the  0°F 
in  72  hour  rate  were  found  to  have  higher  initial  tenderness  than  patties 
from  the  0°F  in  96  hour  rate.    Differences  due  to  freezing  rate  (generally, 
that  0°F  in  24  hours  was  more  tender  than  other  rates)  was  found  throughout 
storage  (Table  103).    Adjusting  the  data  for  pre-freezing  differences 
usually  resulted  in  the  patties  from  the  O^'F  in  96  hour  rate  then  being 
scored  as  less  tender  than  many  of  the  other  rates  (Table  104).    The  use  of 
+20°F  storage  produced  lower  initial  tenderness  after  six  months  than  -10 
or  0°F  (Table  105).    However,  these  +20°F  temperature  values  were  not 
(P<.05)  less  than  those  observed  just  after  freezing  (Table  106).  Less 
differences  among  the  freezing  rates  for  initial  tenderness  was  noted 
following  nine  months  storage  in  contrast  to  six  months  storage  (Table 
107).    Adjusting  these  data  for  pre-freezing  differences  didn't  alter  these 
findings  much  (Table  108).    While  patties  from  the  0°F  in  96  hour  freezing 
rate  were  lower  in  tenderness  than  those  from  the  0°F  in  24  hour  rate  just 
after  freezing,  this  finding  was  not  detected  following  eighteen  months  of 
storage  either  with  or  without  data  adjusted  for  pre-freezing  differences 
(Tables  109,  110). 
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Table  101,     General  table  Illustrating  sensory  scores  for  initial  tenderness 
in  ground  beef  patties  without  soy  throughout  storage  and 
according  to  final  storage  temperature  and  rate  of  freezing  -  no 
statistical  analyses^ 


Freezing  rate,  hours  to  0°F 


Evaluation        Final  storage 

time  temperature,  °F  24  48  72  96 


Before  freezing 

-4- 

fin 

S  Sfi 

J  »  JO 

4- 
1 

79 

Rfl 
J  .  ou 

1 

•  ou 

fi  nn 

4- 

. 

Immediately  following 

5.35 

+ 

.58 

4.35 

+ 

.75 

4.75 

+ 

.86 

3.86 

+ 

.74 

freezing,  1  day 

6  months 

-lOT 

5. 59 

+ 

.73 

4.89 

.  68 

4.40 

.  58 

4.59 

+ 

.  68 

OT 

5.42 

+ 

.65 

4.72 

T 

.69 

4.15 

+ 

.52 

4.75 

+ 

.69 

20T 

4.78 

+ 

.65 

4.31 

+ 

.47 

3.85 

+ 

.49 

4.29 

+ 

.81 

20N 

4.72 

+ 

.67 

4.54 

+ 

.66 

4.21 

+ 

.55 

4.14 

+ 

.57 

9  months 

-lOT 

5.14 

+ 

.63 

4.67 

+ 

.53 

4.59 

+ 

.66 

4.45 

+ 

.63 

OT 

5.04 

+ 

.62 

4.72 

+ 

.63 

4.51 

+ 

.61 

4.62 

+ 

.71 

12  months 

-lOT 

5.03 

+ 

.55 

4.50 

+ 

.51 

4.84 

+ 

.57 

4.53 

+ 

.65 

-ION 

5.28 

+ 

.68 

4.64 

+ 

.41 

4.86 

+ 

.41 

4.66 

+ 

.70 

OT 

4.97 

+ 

.66 

4.72 

+ 

.64 

4.82 

+ 

.56 

4.32 

+ 

.61 

ON 

5.25 

+ 

.49 

4.57 

+ 

.59 

4.77 

+ 

.71 

4.59 

+ 

.65 

18  months 

-ION 

4.81 

+ 

.44 

4.87 

+ 

.45 

4.61 

+ 

.60 

4.31 

+ 

.41 

ON 

4.83 

+ 

.46 

4.77 

+ 

.67 

^  Mean  +  S.D.,  T  =  temperature  abused,  N  =  not  temperature  abused. 


1039Q,  p.  1 
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Table    103.     Effect  of  freezing  rate  on  sensory  scores  for  initial  tenderness 
in  ground  beef  patties  without  soy  following  various  storage 
periods 


Storage 

Freezing  rate, 

hours  to 

0  F 

time,  months 

24 

48 

72 

96 

6 

5. 

13 

+ 

.098a 

4.61  +  .098ab 

4.15  + 

.098b 

4 

.44  + 

.098b 

9 

5. 

09 

+ 

.095a 

4.69  +  .095ab 

4.55  + 

.095b 

4 

.54  + 

.095b 

12^ 

5. 

08 

+ 

.10a 

4.61  +  .10b 

4.84  + 

.lOab 

4 

.55  + 

.10b 

126 

5. 

08 

+ 

.07a 

4.60  +  .07bc 

4.81  + 

.07b 

4 

.48  + 

.07c 

18f 

4. 

81 

+ 

.08 

4.87  +  .08 

4.61  + 

.11 

4 

.31  + 

.08 

abc  Means  on  the  same  line  with  different  letters  are  different  (P<.05) 
Mean  +  S.E. 


Includes  only  -10 °F  initial  storage  temperature. 

^  Includes  both  temperature  and  nontemperature  abused  product  stored  at  0°F 
Final  storage  temperature. 

^  Freezing  rate  effect  significant  (P<.05)  by  analysis  of  variance,  but 
not  by  HSD. 
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Table   104.     Effect  of  freezing  rate  on  sensory  scores  for  initial 

tenderness  in  ground  beef  patties  without  soy  following  various 
storage  periods  -  data  adjusted  for  differences  prior  to 
freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96 


6 

4.86 

+ 

.098ab 

4.93 

+ 

.098a 

4 

.23 

+ 

.098b 

4. 

32 

+ 

.098ab 

9 

4.82 

+ 

.095a 

5.01 

+ 

.095a 

4 

.62 

+ 

.095ab 

4. 

41 

+ 

.095b 

12 

4.82 

+ 

.067a 

4.91 

+ 

.067a 

4 

.89 

+ 

.067a 

4. 

36 

+ 

.067b 

12C 

4.81 

+ 

.lOab 

4.93 

+ 

.10a 

4 

.91 

+ 

.10a 

4. 

43 

+ 

.10b 

18 

4.56 

4 

.lib 

5.14 

+ 

.11a 

18^ 

4.55 

+ 

.08b 

5.19 

+ 

.082a 

4 

.68 

.llab 

4. 

19 

+ 

.082b 

ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 

c  Includes  just  -10°F  initial  storage  temperature, 
d  Includes  just  -10°F  final  storage  temperature. 
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Table  105.     Effect  of  final  storage  temperature  on  sensory  scores  for  initial 
tenderness  in  ground  beef  patties  without  soy  following  six  months 
storage 


Final  storage  temperature,  °F 


-lOT  OT  20T  2  ON 

4.87  +  .070a  4.76  +  .070a  4.30  +  .070b  4.40  +  .070b 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05) 
Mean  +  S.E.,  T  =  temperature  abused,  N  =  not  temperature  abused. 
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Values  for  final  tenderness  followed  a  similar  trend  to  that  detected 
for  initial  tenderness  (Table  111).    Again,  freezing  reduced  the  tenderness 
substantially,  especially  for  the  slower  rates  of  freezing.    Slower  rates 
of  freezing  reduced  tenderness.    However,  some  tenderization  occurred  with 
storage.    Actually,  patties  from  the  0°F  in  48  hour  rate  did  not  decrease 
in  final  tenderness  just  as  a  result  of  freezing  (Table  112).    Just  after 
freezing,  the  values  obtained  for  the  0°F  in  96  hour  rate  were  less  than 
all  other  rates.    At  twelve  months  of  storage,  patties  frozen  to  0°F  in  24 
hours  were  more  tender  than  patties  from  both  the  O^F  in  48  and  96  hour 
rates  (Table  113).    At  eighteen  months  of  storage,  patties  frozen  to  0°F  in 
24  hours  were  rated  as  more  tender  than  those  obtained  from  the  0°F  in  72 
and  96  hour  rates.    Adjusting  these  data  for  pre-freezing  differences 
eliminated  the  0°F  in  24  vs  0**F  in  96  hour  rate  differences  (Table  114). 
However,  0°F  in  48  hour  patties  (and  sometimes  0°F  in  72  hour  frozen 
patties)  were  now  scored  as  more  tender  than  the  0°F  in  24  and  96  hour 
frozen  product.    The  use  of  +20°F  final  storage  produced  tenderness 
reductions  over  -10  and  0°F  when  evaluations  occurred  at  six  months  (Table 
115).    Whereas,  patties  from  the  0°F  in  24  hour  rate  were  found  to  be  more 
tender  than  the  other  rates  after  nine  months  of  storage,  following  twelve 
months  of  storage,  only  the  patties  from  the  0°F  in  48  hour  rate  were  less 
tender  than  the  0°F  in  24  hour  frozen  patties  (Table  116). 

Storage  for  nine,  twelve  or  eighteen  months  resulted  in  more  tender 
patties  compared  to  just  post-freezing  (Table  117).    Between  twelve  and 
eighteen  months,  final  tenderness  declined.    After  six  months  of  frozen 
storage,  the  various  initial-final  temperature  combinations  produced 
similar  tenderness  to  that  observed  just  after  freezing  (Table  118).  After 
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Table     113.     Effect  of  freezing  rate  on  sensory  scores  for  final  tenderness  in 
ground  beef  patties  without  soy  at  various  storage  periods 


Evaluation   Freezing  rate,  hours  to  0°F  

time,  months  24  48  72  96  

12^  5.84  +  .05a       5.39  +  .05c         5.63  +  .05ab       5.47  +  .05bc 

12^  5.87  +  .05a       5.39  +  .05bc       5.59  +  .05b         5.43  +  .05bc 

18  5.69  +  .05a       5.42  +  .05ab        5.18  +  .07b         5.12  +  .05b 


abc  Means  on  the  same  line  with  different  letters  are  different  (P<.05), 
Mean  +  S.E. 

Includes  just  -10 "F  initial  storage  temperature. 

^  Includes  both  temperature  and  nontemperature  abused  product  for  0°F  final 
storage  temperature. 


1039Q,  p.  17 
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Table  115*     Effect  of  final  storage  temperature  on  sensory  scores  for  final 

tenderness  in  ground  beef  patties  without  soy  following  six  months 
storage 


 Final  storage  temperature,  °F  

-lOT  OT  20T  20N 


5.50+  .070a  5.40  +  .070a  4.97  +  .070b  5.01  +  .070b 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05), 
Mean  +  S.E.,  T  =  temperature  abused,  N  =  not  temperature  abused. 


1039Q,  p.  9 
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Table    116.     Interaction  effect  on  storage  time  (nine,  twelve  months)  and 

freezing  rate  on  sensory  scores  for  final  tenderness  in  ground 
beef  patties  without  soy 


Evaluation 

Freezing  rate,  hours  to  0°F 

time,  months 

24 

48  72 

96 

9 
12 

5.85  +  .067a 
5.84  +  .067ab 

5.52  +  .067bcd       5.22  +  .067d 
5.43  +  .067cd         5.57  +  .067abc 

5.22  + 
5.38  + 

.067d 
.067 bed 

abed  Any  mean  comparison  with  different  letters  is  different  (P<.05), 
Mean  +  S.E. 


1039Q,  p.  14 
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Table  117.     Effect  of  various  storage  time  comparisons  on  sensory  scores  for 
final  tenderness  in  ground  beef  patties  without  soy 


Evaluation  Time 


Immediately  following 
freezing,  1  day  

5.10  +  .09b 

Immediately  following 
freezing,  1  day  

5.10  +  .07b 

Immediately  following 
freezing,  1  day  

5.10  +  .07b 

Immediately  following 
freezing,  1  day  

5.10  +  .05b 

12  months 


9  months 


5.45  +  .09a 


12  months'^ 


5.58  +  .07a 
12  months^ 


5.57  +  .07a 

18  months 


5.35  +  .05a 

18  months 


5.63  +  .05a 


5.34  +  .07b 


ab  Differences  between  means  on  the  same  line  significant  (P<.05), 
Mean  +  S.E. 

c  Includes  just  -10 °F  initial  storage  temperature. 

d  Includes  both  temperature  and  nontemperature  abused  product  at  0°F  final 
storage  temperature. 
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60 

ti 

•H 

N 

(U 

<U 

U 

14-1 

60 

>^ 

c 

O 

CO 

•P 

o 

1  H 

H 

O 

O 

:S 

M-l 

•H 

>^ 

H 

01 

QQ 

4-1 

(U 

cC 

u 

•H 

"O 

0) 

S 

i  B 

i 

(U 

OJ 

0)  o 

60  U 

«  60 
U 

O  C 

CO 

05 

<4-l  03 

O  <U 

d 

•u  n 
o  <u 

0)  t3 

d 


CO 


o 
.-I 
I 


03  a 

CO 

s 


0 

B 

CO 

B 

M 

<U 

CO 

pL, 

J-i 

S 

<u 

pu. 

§  o 

<u  o 

•p 

00  H 

CO  1 

0) 

J-i 

00 

O 

03 

•w 

03 

o 

4-1 

CO 

03 

u 

al 

•H 

C3  o 

•H  rH 

P4  1 

o 

^  o 

CO  J3 

o  o 

rH  r-l 


+  1+1 

CO  CO 
O  0^ 
•  • 


o 
CO 

o 


CO 


in 


CO 

o 


+  1 

00 


o 

o  cd 
o  o 


+  1  +  1 
iH  cn 

C3>  O 

in 


CO 

o 


4) 
H 

B 

CO 
M 
Q)  0)1 
CO 

B  3 

H  CO 


CO 


CO 
H 


<U  00 

^  a  , 

CO  -H  d 

•H  ^  -H 

•O  O 

(1)  .H  0) 

S  tH  QJ 
SOU 

M  m 


+  1 
si- 


m 


CO 
o 


+  1 

m 
in 


O 

CO 

o 


+  1 


in 


cn 
+  1 


m 
o 


A 


4-» 

d 
a> 

M 
(U 
<4-l 

<4-l  • 

•O  0) 

00 

4-1  3 

O  ^ 

d  CO 
CO  <u 

n  ^-> 
OJ  cO 

4-)  OJ 
H  S 

<u 

(U  4-) 


CO  *-> 
CO  O 

d 

cu 

•B  " 

Is  <U 

CO 

d  3 

0  ^ 

01  CO 
•H 

V4  (U 

CO  U 

&,  3 

e  *J 

O  cO 
O  M 

d 

CO  a 

(U  QJ 

B  ^ 
« 

O 
,Q 

CO 


146 

nine  months  of  storage,  patties  initially  held  at  -10  and  finally  stored  at 
0°F,  plus  those  initially  held  at  0  and  finally  held  at  -10°F  were  found  to 
be  more  tender  than  those  scored  just  after  freezing  (Table  119).    At  both 
nine  and  twelve  months,  patties  from  the  0°F  in  48  hour  rate  were  observed 
to  be  more  tender  than  those  obtained  from  the  0°F  in  96  hour  rate. 
However,  the  0°F  in  48  hour  rate  was  found  to  receive  higher  tenderness 
scores  in  relation  to  the  0°F  in  24  hour  rate  at  nine  months  only  (Table 
120).    While  patties  from  the  0°F  in  96  hour  rate  were  rated  less  tender 
than  the  other  rates  just  after  freezing,  there  were  no  differences  among 
rates  at  twelve  months  regardless  of  storage  conditions  (Table  121), 
Adjusting  the  data  for  pre-freezing  formulation  effects  on  final  tenderness 
did  not  alter  these  results  (Tables  122,  123).    The  same  situation  was  also 
noted  after  eighteen  months  of  storage  (Table  124),  with  some  variations. 
Generally,  similar  tenderness  at  eighteen  months  was  observed  for  both  the 
0°F  in  24  and  96  hour  rates. 

Amount  of  sensory  panel  detected  connective  tissue,  as  would  be 
expected,  did  not  vary  substantially  according  to  the  design  of  the  project 
(Table  125).    After  six  months  of  storage,  patties  stored  at  +20°F  and 
receiving  temperature  abuse  were  found  to  have  less  connective  tissue  than 
the  other  final  storage  treatments  (Table  126).    There  were  some 
differences  respective  to  freezing  rate  at  various  storage  times  -  mainly 
that  patties  from  the  0'*F  in  24  hour  rate  had  less  detectable  connective 
tissue  (Table  127). 

Evaluations  made  after  storage  showed  slightly  less  detectable 
connective  tissue  compared  to  determinations  made  just  post-freezing  (Table 
128).    At  six  months,  however,  evaluations  from  the  different  initial- 
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Table  119.      Effect  of  storage  time  (immediately  following  freezing,  nine 
months)  on  sensory  scores  for  final  tenderness  in  ground  beef 
patties  without  soy 


 9  months  storage  

Initial  storage  temperature,  °F  = 

Immediately   -10    0  

following  Final  storage  temperature , °F= 

freezing,  1  day  ^10  0  ^^10  0  

5.10  +  .079b  5.44  +  .079ab      5.46  +.  079a  5.48  +  .079a      5.43  +  .079ab 


ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05), 
Mean  +  S.E. 


1039Q,  p.  10 
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Table  126.     Effect  of  final  storage  temperature  on  sensory  scores  for  amount  of 
connective  tissue  in  ground  beef  patties  without  soy  following  six 
months  storage 


 Final  storage  temperature,  °F  

-lOT  OT  20T  20N 


5.92  +  .055a  5.79  +  .055a  5.55  +  .055b         5.78  +  .055a 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05), 
Mean  +  S.E.,  T  =  temperature  abused,  N  =  not  temperature  abused. 


1039Q,  p.  37 


1 
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Table    127.    Effect  of  freezing  rate  on  sensory  scores  for  amount  of 

connective  tissue  in  ground  beef  patties  without  soy  at  various 
storage  periods 


Evaluation   Freezing  rate,  hours  to  0°F 


time,  months  24  48   72  96 


9 

5.99 

+ 

.066a 

6.02 

+ 

.066a 

5.58 

+ 

.066b 

5.77 

+ 

.066ab 

6.29 

+ 

.047a 

5.97 

+ 

.047b 

6.10 

+ 

.047ab 

6.11 

+ 

.047ab 

6.34 

+ 

.041a 

6.00 

+ 

.041b 

6.09 

+ 

.041b 

6.12 

+ 

.041b 

ab  Means  on  the  same  line  with  the  same  letters  are  not  different  CP>.05), 
Mean  +  S.E. 


^  Includes  just  -10 °F  initial  storage  temperature. 

^  Includes  both  temperature  and  nontemperature  abused  product  for  0°F  final 
storage  temperature  product. 


1039Q,  p.  32 
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Table  128*     Effect  of  various  storage  time  comparisons  on  sensory  scores  for 
amount  of  connective  tissue  in  ground  beef  patties  wihout  soy 


Evaluation  time 


Before  freezing  

6.15  +  .066a 

Immediately  following 
freezing,  1  day  

5.67  +  .062b 

Immediately  following 
freezing,  1  day  

5.67  +  .060b 

Immediately  following 
freezing,  1  day  

5.67  +  .086b 


Immediately  following 
freezing,  1  day 

5.67  +  .066b 

 12  months*^  

6.11  +  .062a 

 12  months  

6.14  +  .060a 

 18  months  

6.02  +  .086a 


ab  Differences  between  means  on  the  same  line  significant  (P<.05), 
Mean  +  S.E. 

c  Includes  just  -lO'F  initial  storage  temperature. 

d  Includes  both  temperature  and  nontemperature  abused  product  at  0°F  final 
storage  temperature. 


1039Q,  p.  38 
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final  temperature  combinations  did  not  differ  in  connective  tissue  amount 
from  product  rated  just  after  freezing  (Table  129).    After  nine  months  of 
storage,  patties  from  the  0°F  in  72  hour  rate  were  detected  as  having  less 
connective  tissue  than  the  0°f  in  24  and  48  hour  rates.    These  differences 
were  not  found  following  twelve  months  of  storage  (Table  130).    In  an 
interaction  of  twelve  and  eighteen  months,  at  twelve  months,  patties  from 
the  0°F  in  48  hour  rate  had  more  detected  connective  tissue  than  the  0°F  in 
24  hour  rate  (Table  131).    This  difference  was  not  found  following  eighteen 
months. 

General  values  for  Instron  peak  load  are  illustrated  in  Table  132.  As 
with  sensory  evaluations  for  tenderness,  freezing  in  itself  increased 
Instron  peak  load  values  (reduced  tenderness).    Immediately  following 
freezing,  the  slower  the  freezing  rate,  the  higher  the  peak  load  values. 
Thereafter,  storage  time  or  freezing  rate  exerted  minimal  effects.    The  0°F 
in  96  hour  rate  immediately  post-freezing  produced  higher  peak  load  values 
than  all  other  rates.    After  nine  months  the  0°F  in  24  hour  rate  product 
had  the  lowest  values  and  this  rate  was  significantly  lower  than  0°F  in  72 
hour  rate  values  after  eighteen  months  (Table  133).    At  six  months,  peak 
load  values  for  patties  from  the  0°F  in  48  hour  rate  were  higher  than  the 
other  rates  if  final  storage  was  maintained  at  either  -10  or  0°F;  no 
differences  due  to  rate  were  detected  if  storage  was  at  +20°F  (Table  134). 
Adjusting  these  data  for  pre-freezing  differences  removed  many  of  these 
effects,  except  for  the  lower  values  obtained  from  the  0°F  in  96  hour  rate 
vs  the  0°F  in  48  hour  rate  if  storage  was  at  -10  and  0°F  (Table  135). 
Patties  from  the  0°F  in  24  hour  rate  were  lower  in  peak  load  than  0°F  in  48 
hour  rate  if  storage  was  at  -10°  or  0°F,  but  not  at  0°F  if  no  abuse  was 
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Table     130.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 

freezing  rate  on  sensory  scores  for  amount  of  connective  tissue 
in  ground  beef  patties  without  soy 


Evaluation   Freezing  rate,  hours  to  0°F  

time,  months  24  48  72  % 


9  5.99  +  .066ab    6.02  +  .066ab      5.58  +  .066c       5.77  +  .066bc 

12  6.30  +  .066a      6.01  +  .066ab      6.06  +  .066ab      6.15  +  .066a 


abc  Any  mean  comparison  with  different  letters  are  different  (P<.05), 
Mean  +  S.E. 


103yQ,  p.  35 
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Table     131.     Interaction  effect  of  storage  time  (twelve,  eighteen  months)  and 
freezing  rate  on  sensory  scores  for  amount  of  connective  tissue 
in  ground  beef  patties  without  soy 


Evaluation 
time ,  months 


Freezing  rate,  hours  to  0°F 


24 


48 


72 


96 


12 
18 


6.34  +  .056a  5.94  +  .056b  6.16  +  .056ab 
6.08  +  .056ab    6.06  +  .056ab      6.09  +  .12ab 


6.03  +  .056ab 
6.12  +  .079ab 


ab  Any  mean  comparison  with  the  same  letter  is  not  different  (P>.05), 
Mean  +  S.E. 


10390,  p.  34 


CM 

CM 

ON 

CO 

rH 

CO 

00 

in 

O  CO 

in 

CO 

CO 

CM 

sr 

• 

• 

•  • 

• 

• 

• 

• 

• 

CM 

iH 

<-^ 

H 

rH 

rH 

rH 

rH 

rH 

rH 

+  1 

o 

+  1 

+1+1+1+1 

+ 

l+l 

+  1  + 

1  + 

l+l 

+  1 

4J 

vO 

vD 

vO  O 

cr> 

vO 

Sf 

vD 

vO 

vO 

00 

•H 

CT> 

CO 

CO  vO 

vO 

CM 

O 

m 

CJN 

CO 

o 

^  IM 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

O 

CO 

00 

00  00 

00 

00 

00 

00 

oo 

00 

CO 

CJN 

Q)  (U 

•H  4J 

*J  Cd 

CO 

CM 

o 

in 

CM 

CO 

vD 

00 

CM 

oo 

(d 

o 

CO 

CO 

O  <!■ 

CO 

CM 

CO 

sf 

O 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

a 

iH  I— 1 

1— 1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

<+-!  0(3 

O 

1  1  1  1 

1+1  + 

l+l 

4-) 

+  1 

+  1 

+ 

1  1  1 

l  +  l 

+ 

+ 

1  + 

1  + 

l+l 

+  1 

(U  <U 

CO 

<-i 

m 

O  vD 

in 

vO 

tn 

vO 

3 

U 

CM 

CO 

vO 

■<t 

Si- 

rH 

St 

o 

vO 

T3  4-1 

3 

• 

• 

• 

•  • 

• 

m 

• 

• 

• 

• 

cl  cd 

O 

m 

CO 

00  00 

00 

00 

00 

CTv 

00 

oo 

O 

X! 

rH 

O  (U 

0) 

4-> 

M  4J 

cd 

vo 

CM 

»n  00 

CO 

m 

in 

CO 

o 

o 

00  00 

O 

i-t 

CM 

O 

VO 

ON 

CM 

o 

vO 

CO 

m  rH 

m  (i> 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

60 

60 

H 

CM 

H  H 

iH 

rH 

CM 

rH 

iH 

H 

rH  rH 

CO  td 

3 

l+l 

+  1+1 

<u  u 

•H 

CO 

+  1 

+  1 

+ 

I+I  + 

l+l 

+ 

+ 

+   +  + 

3  O 

N 

H  4-» 

<U 

O 

C3> 

00 

m  cTi 

St 

CO 

CO 

vO 

00 

00 

CO 

CO  ON 

cd  CO 

<U 

iH 

iH 

o  o 

CO 

00 

CO 

CM 

o 

CM  vO 

> 

U 

H 

m 

CO 

O 

o  cr> 

00 

r>» 

<?N 

00 

00 

00 

00  00 

iH 

cd  c! 

O  -H 

iH  m 

^  O 

cd  4J 

CJN 

o 

cr> 

O 

CO 

rs. 

rH 

00  m 

<u 

rH 

iH 

CM 

m 

rH 

rH 

00 

rH 

CM 

oo  o 

ex.  cjo 

_  3 

cd 

H 

iH 

rH 

tH  iH 

rH 

H 

rH 

rH 

rH 

rH 

3  -H 

CO 

l+l 

+  1  + 

O  X) 

0) 

+  1 

+  1 

+   +  + 

1  1  1 

1+  1 

+ 

+ 

+  +  + 

u  u 

CO 

CM 

4-1  O 

vO 

O 

m  rH 

in 

rH 

rH 

m 

VO 

rH 

in  CO 

CO  o 

r-l 

H 

00 

cr«  CO 

vO 

O 

rH 

CO 

00 

CO  CM 

3  O 

Cd 

H  cd 

3 

lO 

vO 

VO  00 

1 — 

VO 

vo  r» 

00^3 

cd 

3  3 

•H  cd 

cd 

o 

o 

<U 

cd  <u 

•H 

60 

M  60 

4-1 

Cd 

*J  cd 

CO 

U 

CO  M 

•H 

o 

3 

H 

H  H 

. 

z 

H 

H 

H 

H 

3  O 

4-1 

4J 

O 

o  o 

o 

o 

O 

O 

o 

O 

o 

o  o 

iH  +J 

Cd 

CO 

to 

iH 

CM 

CM 

rH 

rH 

rH 

rH 

■H  CO 

4J 

u 

1 

1 

1 

1 

1 

•H 

CO 

iH 

cu 

4-1 

Cd 

OJ  o 

o 

3 

a 

iH  O 

3 

•H 

0) 

J- 

Et, 

4-) 

cd  00 

1 

4-1  3 

60 

O 

60 

3 

>H  VJ 

3 

•H 

cd  ^ 

•H 

> 

f-l  4-1 

N 

O 

<u 

<U 

.H 

3 

(U 

60 

iH 

>^ 

<u  o 

M 

3 

O 

to 

CO 

CO 

00 

00 

O  CO 

IH 

•H 

M-l 

•3 

xi 

xi 

U3 

43 

N 

4-1 

4J 

4J 

4J 

<U 

.H 

3 

3 

3 

3 

• 

3 

QJ 

O 

O 

O 

o 

O 

U 

(U 

a 

0 

a 

e 

fO 

•H 

4J 

60 

i-H 

4-1 

CO 

3 

vO 

<T\ 

Cvl 

00 

Cd 

QJ 

•H 

•H 

rH 

0} 

3 

M 

•3 

N 

H 

iH 

O 

<U 

a> 

Cd 

a 

M-l 

e 

0) 

a 

M 

^5 

4-1 

« 

<4-l 

162 


Table  133.     Effect  of  freezing  rate  on  Instron  peak  load  values  for  ground 
beef  patties  without  soy  following  various  periods  of  storage 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time  24  48  72  96  

Immediately 
following 

freezing,  1  day  6.80  +  .15c         8.19  +  .15b  7.25  +  .15bc      9.96  +  .15a 

9  months  7.21  +  .13c         7.88  +  .15b  8.45  +  .13a       8.16  +  .13ab 

18  months  6.85  +  .39b         8.23  +  .39ab       10.16  +  .55a       9.08  +  .39ab 


abc  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


1075Q,  p.  23 
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Table  134.     Interaction  effect  of  final  storage  temperature  and  rate  of 
freezing  on  Instron  peak  load  values  for  ground  beef  patties 
without  soy  following  six  months  storage 


Freezing  rate,  hours  to  0°F 


Final  storage 

temperature,  °F  24  48  72  96 


-10  T 

7.90 

+ 

.29bc 

10.18 

+ 

.29a 

8.34 

+ 

.29bc 

8.37 

+ 

.29bc 

OT 

6.95 

+ 

.29c 

10.05 

+ 

.29a 

8.10 

+ 

.29bc 

8.36 

+ 

.29bc 

20T 

8.31 

+ 

.29bc 

9.09 

+ 

.29ab 

8.66 

+ 

.29ab 

8.60 

+ 

.29ab 

20N 

7.65 

+ 

.29bc 

8.34 

+ 

.29bc 

8.66 

+ 

.29ab 

8.69 

+ 

.29ab 

abc  Any  mean  comparison  with  the  same  letters  Is  not  different  (P>.05). 
Mean  +  S.E.    T  =  temperature  abused,  N  =  not  temperature  abused. 


1075Q,  p.  22 


164 


Table  135.     Interaction  effect  of  final  storage  temperature  and  rate  of 
freezing  on  Instron  peak  load  values  for  ground  beef  patties 
without  soy  following  six  months  storage  -  data  adjusted  for 
differences  prior  to  freezing 


 Freezing  rate,  hours  to  Q°F  

Final  storage 

temperature,  °F  2A  48  72  96 


-10  T 
OT 
20T 
2  ON 


8.62  +  .29abcd 

7.67  +  .29cd 

9.04  +  .29abcd 

8.37  +  .29cd 


10.16  +  .29a 

10.03  +  .29ab 

9.07  +  .29abc 

8.32  +  .29cd 


8.51  +  .29bcd 

8.27  +  .29cd 

8.83  +  .29abcd 

8.83  +  .29abcd 


7.49  +  .29cd 

7.48  +  .29d 

7.73  +  .29cd 

7.82  +  .29cd 


abed    Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E.    T  =  temperature  abused,  N  =  not  temperature  abused. 


1137Q,  p.  13 
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performed  (Table  136).    Data  adjustment  pre-freezing  still  produced  lower 
peak  load  values  after  twelve  months  for  the  0°F  in  24  hour  rate  in 
contrast  to  the  0°F  in  48  and  72  hour  rates  (Table  137).    Also  at  twelve 
months,  the  0°F  in  24  hour  rate  patties  were  lower  in  peak  load  than 
patties  from  the  other  rates  if  temperature  abuse  occurred  (Table  138). 
With  nonabuse,  the  0°F  in  24  hour  rate  produced  lower  values  only  in 
relation  to  the  0°F  in  96  hour  rate.    Adjusting  this  data  for  pre-freezing 
differences  caused  the  0°V  in  24  and  0°F  in  96  hour  product  to  have  similar 
values  if  temperature  abuse  occurred  (Table  139). 

As  mentioned  earlier,  freezing  itself  reduced  peak  load  values  (Table 
140).    There  was  a  slight  increase  in  values  between  just  after  freezing 
and  six  months.    While  a  number  of  the  different  temperature  combinations 
were  different  from  each  other  at  six  months  of  storage,  none  were 
different  from  values  obtained  just  post-freezing  (Table  141).  A 
substantial  decrease  occurred  between  six  and  nine  months  storage  for 
values  obtained  from  0°F  in  48  hour  frozen  product;  no  reductions  were 
noted  for  the  other  three  rates  (Table  142).    Adjusting  the  data  for 
pre-freezing  differences  did  not  affect  these  results  (Table  143).  After 
nine  months  of  storage,  all  temperature  combination  treatments  showed  lower 
shear  force  values  compared  to  just  post-freezing  if  freezing  was  to  0°F  in 
96  hours  (Table  144).    These  time  effects  were  not  noted  for  the  other 
rates.    Data  adjustment  for  pre-freezing  data  variations  did  not  change 
results  (Table  145).    Between  nine  and  twelve  months  of  storage,  peak  load 
values  increased  only  for  the  0°F  in  48  hour  rate  product  (Table  146). 
Also,  the  0°F  in  24  hour  freezing  rate  produced  lower  peak  load  values  at 
twelve  months  compared  to  the  other  rates;  this  was  true  only  between  0°F 
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Table  136.     Interaction  effect  of  final  storage  temperature  and  rate  of 
freezing  on  Instron  peak  load  values  for  ground  beef  patties 
without  soy  following  twelve  months  storage 


 Freezing  rate,  hours  to  Q°F  

Final  storage 

temperature,  °F  24  48  72  96  

-lOT  7.17  +  .25c         9.36  +  .25a  9.17  +  .25a         8.54  +  .25ab 

OT  6.86  +  .25c         8.78  +  .25ab         9.05  +  .25a         8.96  +  .25ab 

ON  7.71  +  .25bc        8.08  +  .25abc        8.67  +  .25ab        8.86  +  .25ab 


abc  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E.    T  =  temperature  abused,  N  =  not  temperature  abused. 


1075Q,  p.  16 
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Table  137.     Interaction  effect  of  final  storage  temperature  and  rate  of 
freezing  on  Instron  peak  load  values  for  ground  beef  patties 
without  soy  following  twelve  months  storage  -  data  adjusted 
for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Final  storage 

temperature,  °F  24  48  72  96 


-lOT  7.89  +  .25c         9.34  +  .25a  9.34  +  .25a         7.66  +  .25c 

OT  7.58  +  .25c         8.76  +  .25abc        9.22  +  .25ab        8.09  +  .25abc 

ON         ■       8.44  +  .25abc      8.06  +  .25abc        8.84  +  .25abc      7.98  +  .25bc 


abc    Any  mean  comparison  with  the  same  letters  is  not  different  (F>.05). 
Mean  +  S.E.    T  =  temperature  abused,  N  =  not  temperature  abused. 


1137Q,   p.  14 
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Table  138.     Interaction  effect  of  temperature  abuse  and  rate  of  freezing  on 
Instron  peak  load  values  for  ground  beef  patties  without  soy 
following  twelve  months  storage 


 Freezing  rate,  hours  to  0°F  

j  Temperature 

;  abuse  24  48  72  96  

7.09  +  .23d         9.20  +  .23ab         9.31  +  .23a  8.62  +  .23ab 

7.44  +  .23cd       8.14  +  .23bcd       8.32  +  .23abc       8.70  +  .23ab 


abed  Any  mean  comparison  with  different  letters  is  different  (P<.05). 

Mean  +  S.E.  T  =  temperature  abuse,  N  =  not  temperature  abused.  Includes 
just  -10 °F  initial  temperature  storage. 


1075Q,  p.  17 
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Table  139.     Interaction  effect  of  temperature  abuse  and  freezing  rate  on 
Instron  peak  load  values  for  ground  beef  patties  without  soy 
following  twelve  months  storage  -  data  adjusted  for 
differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Temperature 

abuse  24  48  72  96 

T  7.81  +  .23c  9.18  +  .23ab      9.48  +  .23a        7.74  +  .23c 

N  8.16  +  .23bc       8.12  +  .23bc      8.49  +  .23abc    7.83  +  .23c 


abc  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E.  T  =  temperature  abused,  N  =  not  temperature  abused. 
Includes  just  -10 °F  initial  storage  temperature. 


1137Q,  p.  9 


tl 
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Table  140.     Effect  of  storage  time  on  Instron  peak  loak  values  for 
ground  beef  patties  without  soy 


 Evaluation  time  

Immediately  following 
Before  freezing  freezing,  1  day 

5.88  +  .17b  8.06  +  .17a 

Immediately  following 

freezing,  1  day  6  months 

8.06  +  .21b  8.51  +  .21a 


ab  Differences  between  means  significant  (P<.05)    Mean  +  S.E. 


1075Q,  p.  24 
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Table  142.     Interaction  effect  of  storage  time  (six,  nine  months)  and  rate  of 
freezing  on  Instron  peak  load  values  for  ground  beef  patties 
without  soy 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96  

6  7.43  +  .19cd       10.12  +  .19a  8.22  +  .19bc       8.36  +  .19bc 

9  7.21  +  .19d  7.91  +  .19bcd       8.45  +  .19b         8.16  +  .19bc 


abed  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1075Q,  p.  18 
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Table  143.     Interaction  effect  of  storage  time  (six,  nine  months)  and 
freezing  rate  on  Instron  peak  load  values  for  ground  beef 
patties  without  soy  -  data  adjusted  for  differences  prior  to 
freezing 


Freezing  rate, 

hours  to  0°F 

Evaluation 
time,  months 

24 

48 

72 

96 

6 
9 

8.15  + 
7.93  + 

.19bcd 
.19bcd 

10.10  +  .19a 
7.89  +  .23bcd 

8.39  +  .19bc 
8.63  +  .19b 

7.49  + 
7.29  + 

.19cd 
.19d 

abed    Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1137Q,  p.  15 
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Table  146.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and  rate 
of  freezing  on  Instron  peak  load  values  for  ground  beef  patties 
without  soy 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24   48  72   96 


9  7.21  +  .19cd       8.00  +  .24bc       8.45  +  .19ab       8.16  +  .19abc 

12  7.01  +  .19d         9.07  +  .19a         9.11  +  .19a         8.75  +  .19ab 


abed  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1075Q,  p.  13 
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in  24  vs  72  hours  at  nine  months  of  storage.    Adjusting  the  data  for 
variations  pre-f reezing,  resulted  in  the  0°F  in  96  hour  product  to  be  lower 
in  peak  load  values  than  0°F  in  72  hours  after  nine  and  twelve  months 
(Table  147).    Following  twelve  months  of  storage,  patties  from  the  0°F  in 
72  hour  rate  initially  stored  at  -10  and  finally  at  0°F  were  the  only  ones 
to  differ  (higher)  in  peak  loads  from  those  observed  just  after  freezing 
(Table  148).    Correcting  the  data  for  pre-f reezing  differences  did  not 
change  this  finding  (Table  149).    Between  twelve  and  eighteen  months  of 
storage,  peak  load  values  increased  only  for  the  0°F  in  72  hour  rate  (Table 
150).    Also,  at  eighteen  months,  there  were  more  freezing  rate  effects  than 
at  twelve  months.    Data  adjustment  pre-f reezing  eliminated  many  of  these 
differences  (Table  151). 

Information  provided  in  Table  152  on  peak  loads  expressed  as  Newtons 
(where  thickness  of  cooked  patty  sample  is  considered)  didn't  really  affect 
the  values  to  any  great  degree  when  compared  to  peak  load  values  in  Table 
132.    The  most  dramatic  effect  was  the  higher  values  obtained  just  as  a 
result  of  freezing.    Before  freezing,  there  were  no  differences  in  Newtons 
due  to  variations  in  formulation.    However,  just  post-freezing,  the  values 
for  the  0°F  in  96  hour  rate  were  higher  than  the  0°F  in  72  hour  rate  (Table 
153).    This  agrees  closely  with  the  results  obtained  for  tenderness  by 
sensory  approaches.    After  nine  months,  Newton  values  were  higher  for  the 
0°F  in  72  hour  rate  than  all  other  rates.    Also,  the  0°F  in  96  hour  rate 
yielded  higher  values  than  the  O^F  in  24  hour  rate  (Table  154).  Adjusting 
these  data  for  pre-freezing  differences  eliminated  this  last  finding,  but 
still  caused  0°F  in  72  hours  to  produce  higher  Newton  values  than  other 
rates  (Table  155).    After  six  months,  patties  from  the  0°F  in  48  hour  rate 


» 
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Table  147.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 
freezing  rate  on  Instron  peak  load  values  for  ground  beef 
patties  without  soy  -  data  adjusted  for  differences  prior  to 
freezing 


Freezing  rate, 

hours  to 

0°F 

Evaluation 

time,  months 

24 

48 

72 

96 

9 

7 

.93  + 

.19bc 

7.98  +  .24bc 

8.63  + 

.19ab 

7.29  +  .19c 

12 

7 

.74  + 

.19bc 

9.05  +  .19a 

9.28  + 

.19a 

7.87  +  .19bc 

abc    Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1137Q,  p.  19 
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Table  150.     Interaction  effect  of  storage  time  (twelve,  eighteen  months)  and 
rate  of  freezing  on  Instron  peak  load  values  for  ground  beef 
patties  without  soy 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48   72   96 


12  7.44  +  .18cd       8.14  +  .18bcd         8.32  +  .18bc       8.70  +  .18b 

18  7.05  +  .18d         8.35  +  .18bc         10.61  +  .41a         8.98  +  .26b 


abed  Any  mean  comparison  with  different  letters  is  not  different  (P<.05). 
Mean  +  S.E.     Includes  just  -10°F  final  storage  temperature. 


1075Q,  p.  12 
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Table  151.     Interaction  effect  of  storage  time  (twelve,  eighteen  months) 
and  freezing  rate  on  Instron  peak  load  values  for  ground  beef 
patties  without  soy  -  data  adjusted  for  differences  prior  to 
freezing 


Freezing  rate 

,  hours  to  0°F 

Evaluation 

time,  months 

A8 

72 

96 

12 

8.16  +  .18b 

8.12  +  .18b 

8. 49  +  .18b 

7.83  + 

.18b 

18 

7.77  +  .18b 

8.33  +  .18b 

10.78  +  .41a 

8.11  + 

.26b 

ab    Any  mean 

comparison  with  the 

same  letters  is 

not  different 

(P>.05). 

Mean  +  S.E.     Includes  just  -  10 °F  final  storage  temperature. 


1137Q,  p.  20 
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Table  153.     Interaction  effect  of  storage  time  (just  before  and   after  freezing)  and 
rate  of  freezing  on  Instron  Newton  values   for  ground  beef  patties  without  soy 

 _  _  

 Freezing  rate,  hours  to  0°F  

Evaluation  time  24  48  72  96  

Before  freezing  15.52  +_  1.28e        17.91      1.28de      16.77  +_  1.28e        19.59  +_  1.28cde 

Immediately  following 

freezing,  Iday  25  .  62      1 .  28bcd     30 . 84  4-  1 .  28ab      25  . 88      1  .  28bc      37.87  _+  1.28a 


abcde    Any  mean  comparison  with  different  letters  is  different  (P<.05);  Mean  S.E. 
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Table  154.     Effect  of  freezing  rate  on  Instron  Newton  values   for  ground  beef 
patties  without   soy  at  various  storage  periods 


Freezing  rate,   hours  to  n°F 


Evaluation  time   24   48  72  96 


Immediately  before 
freezing 

25 

.62  + 

.83b 

31. 

90  ^^  1 

.27ab 

25 

88 

.a3b 

37 

87  + 

.  83a 

9  months 

27 

.51  +_ 

.76c 

30. 

53  + 

.88bc 

34 

.79  ^ 

.88a 

31 

.28  + 

.76b 

abc    Means  on  the  same  line  with  different  letters  are  different  (P<.05);  Mean  +  S.E. 
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if  finally  stored  at  -10  or  0°F,  but  not  if  stored  at  20°F  (Table  156). 
Adjusting  these  results  for  differences  as  prior  to  freezing  did  eliminate 
the  rate  differences  if  storage  was  at  -10°F  (Table  157).    After  twelve 
months  of  storage,  product  from  the  0°F  in  24  hour  freezing  rate  was  found 
to  be  lower  in  Newtons  than  the  other  rates,  if  storage  was  at  -10  or  0°F 
and  temperature  abuse  occurred  (Table  158).    Product  stored  at  0°F  and  not 
receiving  abuse  did  not  have  different  Newton  values  than  the  other  rates. 
Making  pre-freezing  variation  adjustments  to  the  data  did  cause  the  0°F  in 
24  hour  and  0°F  in  96  hour  values  to  be  similar  for  temperature  abused 
product  stored  at  -10°F  and  0°F  (Table  159).    For  both  temperature  and 
nontemperature  abused  patties,  those  frozen  to  0°F  in  24  hours  had  lower 
Newton  values  than  other  rates  (Table  160).    Data  adjustment  for 
pre-freezing  differences  eliminated  these  differences  for  nonabused  patties 
(Table  161).    Even  after  eighteen  months  of  storage,  patties  frozen  to  0°F 
in  72  hours  had  higher  Newton  values  than  patties  frozen  to  0°F  in  24  hours 
(Table  162). 

Storage  time  comparisons  of  six  and  twelve  months  against  just  post- 
freezing  showed  Newton  increases  with  storage  (Table  163).    The  same  was 
also  true  for  eighteen  months  of  storage  (Table  164).    In  table  165 
numerous  differences  at  six  months  can  be  noted  for  Newton  values. 
Basically  all  rates  except  0°F  in  96  hours  exhibited  increases  in  Newton 
values  with  the  first  six  months  of  storage.    Pre-freezing  data  adjustments 
didn't  greatly  affect  these  results  (Table  166).    Newton  values  decreased 
for  all  rates  between  six  and  nine  months,  but  only  significantly  (P<.05) 
for  the  0°F  in  48  hour  rate  (Table  167).    Again,  altering  the  data  for  pre- 
freezing  variations  in  Newtons  didn't  affect  these  results  (Table  168). 


188 


hie  156.     Interaction  effect  of  final   storaee  temperature  and  rate  of  freezinj^  on  Instron 
iNevton  Viiliies    for  e-rouiKi  beef  patties  witbo'it   soy   followinr   six   rr,oiiths  storn-.M^ 


Freezinp,  rate,   bours   to  0  °  F 


inal  storaj^e 
inperature,  F 

24 

48 

72 

96 

-lOT 

33 

55 

+  1 

39cd 

42 

59 

+  1 

39  ab 

35 

34  + 

1 

39bcd 

36. 

77 

+  1 

39abc 

01 

28 

.91 

+  1 

.  3Vd 

4  3 

22 

+  1 

.39  a 

35 

45  + 

1 

.  39i.cd 

35 

1  7 

+  1 

39bcd 

20T 

35 

03 

+  1 

39cd 

39 

18 

+  1 

39abc 

37 

60  + 

1 

74abc 

35 

79 

+  1 

39abcd 

20M 

32 

8" 

+  1 

39cd 

36 

22 

+  1 

.  39abcd 

3o 

.75  + 

1 

.  39abc 

39 

^5 

+  1 

,  39abc 

bed    Any  mean  comparison  with  different   letters  is  different   (P<.05);  Mean  +  .S .    .  ; 
T  =  Teniperature  abused;   N  =  Not  temperature  abused. 
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Fable  158.     Interaction  effect  of  final  storage  temperature  and  rate  of  freezing  on  Instron 

Newton  values   for  ground  beef  patties  without  soy  following  twelve  months  storage 


Freezing  rate,  hours  to  0°F 


Final  storage 
temperature,  0°F 


24 


48 


72 


96 


-lOT 
OT 
ON 


28.33  +  1.19d 
27.05  1.19d 
31.64  +  1.19cd 


39.32  +_  1.19a  40.45  +  1.19a 
37.15  +  1.19abc  39.60  1.19a 
32.63  +  1.19bcd     36.77  +  1.19abc 


36.35  +_  1  .19abc 
38.27  +  1  .19ab 

37.36  +  1.19abc 


abed    Any  mean  comparison  with  different  letters  is  different  (P<.05);  Mean  S.E.; 
T  =  Temperature  abused;  N  =  Not  temperature  abused. 
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Table  160.     Interaction  effect  of  temperature  abuse  and  rate  of   freezing  on  Instron  Newton 
values   for  ground  beef  patties  without   soy  following  twelve  months  storage 


 Freezing  rate,  hours  to  0°F  

Temperature  abuse  24  48  72  96  

T  27  .77  +_  .94e  38.32       .94ab        40.78  +_  .94a  36.78  +_  .94abc 

N  29.84  +  .94de        33.32  +  .94cd        35.38  +  .94bc        37.08  +  .94abc 


abcde    Any  mean  comparison  with  different  letters  is  different  (P<.05);  Mean  S.E.; 

T  =  Temperature  abused;  N  =  Not  temperature  abused.  Includes  just  -10°F  initial 
storage  temperature. 
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Table  161 .     Interaction  effect  of  temperature  abuse  and  freezing  rate  on 
Instron  Newton  values  for  ground  beef  patties  without  soy 
following  twelve  months  storage  -  data  adjusted  for  differences 
prior  to  freezing 


Temperature   Freezing  rate,  hours  to  0°F  

abuse  24  48  72  96 


T  29.70  +  .94d    37.87  +  .94ab    41.46  +  .94a    34.64  +  .94bc 

N  31.76  +  .94cd  32.86  +  .94cd    36.05  +  .94bc  34.94  +  .94bc 


abed  Any  mean  comparisons  with  different  letters  is  different  (P<.05). 

Mean  +  S.E.  T  =  temperature  abused;  N  =  not  temperature  abused.  Includes 
just  -10 °F  initial  temperature. 


1128Q,  p.  12 


Table   162.     Effect  of   freezing  rate  on  Instron  Newton  values 
for  p, round  beef  patties  without   soy  foIloA'ini 
ei^.hteen  months  storage 


1. 

reezinp  rate,  liours 

to  0°F 

48 

72 

28 

,6^  +  1 

.83b 

34. 

69  +   1  .'-!3ab  44.30 

+  2.59a 

41 

,18  +  l.ir;3ab 

ab 

Means 

on  the 

same 

line  with  different 

letters 

are 

d  i  f  f erent 

(F<.03);  >'ean  +  S.H.     Includes  just   nonabuseri  -10°F  final 


storage  temperature  product. 


Table  163. 
conipa  r  i  son  s 
ground  beef 

Effect  of  various  storage  time 
on   Instron   fei/ton  values  for 
patties  without  sov 

H!val  nation  time 

IniTied  i  a  te  1  y 
f ree7, iniz  , 

f  o  1  1  ov;ing 
1  day 

6  months 

30.03  +  1 

.OSb 

3(1. 65  +  1.05a 

Tnirred  latel  y 
f reez  ing , 

fol lowing 
1  day 

12  months'- 

30.30  +  . 

96b 

35. Al  +  .96a 

IniTied  iate  1  y 
f reez  ing , 

fol lowing 
1  day 

12  months'^ 

30. IQ  +  . 

39b 

34. Ql   +  .89a 

ab     Differences  between  means  on  the  same 
line  are  significant  (P<.05); 
Mean  +  S.R. 


'-Includes  only  temperature  abused 
product   for  -10°F   final  storaj;e 
temperature . 

^Includes  onlv  -10°F  initial  storage 
tenipera t ure  . 


Table  164.     I^ffect  of  storaee  time 
(  i  mniet.l  i  a  t  e )  V   following    freezin:; , 
eighteen  months)   on   Instron  Newton 
values   for  (j.round  beef  patties 
without  sov 


Kva 1 ua t  ion   t  ime 


fmmed  ia t el V  folLo'-'ing 
freezing,   1  day 

c.     =     29.93  +  1  .39b 

d     =     27.9,S  +   I, 16b 


18  months 
36.45  +_  1  .39a 
32.71  +   1  .  I6a 


ah     Difference  between  means  on  the 
same  line   is  significant  (P<.05); 
Mean  +  S . E , 

'-Includes  just  -lO'F  final  storage 
temperature  nonabused  product. 

•^Includes  just  0°F  in  24  and  48 
hr   freezing  rates. 
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Table   167.     Interaction  effect  of  storage  time  (six,   nine  months)   and   freezing  rate  on 
Instron  Newton  values   for  ground  beef  patties  without  soy 


 Freezing  rate,  hours  to  0°F  

Evaluat  ion 

time,  months  24  48  72  % 


6  31.23       1.04bcd    42.91+^  1.04a        35 . 39  +^  1 .04bc        35.97  1.04b 

9  27.51  +  1.04d        30.63  +  1.28cd      34.61  +  1.28bc        31.28  +  1.04bcd 


abed    Any  mean  comparison  with  different  letters  is  different  (P<.05);  Mean  +_  S.E. 
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Most  of  the  various  temperature  combinations  for  Newtons  at  nine  months 
when  compared  with  just  post-freezing  did  not  differ  either  with  or  without 
data  adjustments  (Table  169,  170).    Between  nine  and  twelve  months,  Newtons 
increased  for  all  rates  except  0°F  in  24  hours  (Table  171).    Adjusting  the 
data  for  pre-freezing  differences  did  not  alter  these  results  (Table  172). 
Newton  values  after  twelve  months  of  storage  were  higher  for  the  various 
temperature  combinations  compared  to  just  post-freezing  for  only  the  0°F  in 
72  hour  rate  (Table  173).    Pre-freezing  data  adjustments  revealed  the  same 
results  (Table  174).    Including  temperature  and  nontemperature  abuse 
combinations  with  these  results  showed  similar  results  except  that  for  the 
0"'F  in  48  hour  rate,  temperature  abused  product  from  the  -10°F  final 
storage  was  higher  in  Newtons  than  those  observed  just  after  freezing 
(Table  175).    Newton  values  increased  between  twelve  and  eighteen  months  of 
storage  for  patties  frozen  to  0°F  in  72  hours  only  (Table  176)  and  this  was 
the  situation  regardless  of  pre-freezing  data  adjustments  (Table  177).  For 
product  receiving  no  temperature  abuse  and  finally  stored  at  0°F,  freezing 
to  0°F  in  48  hours  produced  higher  Newton  values  than  0°F  in  24  hours 
(Tables  178,  179).    At  eighteen  months,  patties  finally  stored  at  0°F 
regardless  of  initial  temperature  were  higher  in  Newton  values  than  patties 
evaluated  just  post-freezing  (Table  180). 

General  values  for  Instron  modulus  are  presented  in  Table  181. 
Modulus  relates  to  the  amount  of  stress  in  relation  to  strain.    A  high 
value  would  relate  to  a  very  rapid  load  in  relation  to  time  of  the  shear 
measurement.    Freezing  in  itself  created  a  large  increase  in  modulus  and 
+20°F  storage  also  appeared  to  increase  modulus  values.    There  were  some 
formulation  differences  for  modulus  pre-freezing  (Table  182).    Then  after 
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jble  171.     Interaction  effect  of  storage  time  (nine,   twelve  months)   and   freezing  rate 
on  Instron  Newton  values  for  ground  beef  patties  without  soy 



 Freezing  rate,  hours  to  0°F  

valuation 

ime,  months  24  48  72  96 

9  -27.51  +_  .95d      -31.27  +_  1.16cd      -34.34  +_  1.16bc      -31.28  +_  .95cd 

12  -27.69  +  .95d      -38.23  +     .95ab      -40.02  +     .95a        -37.31  +  .95ab 


ibcd    Any  mean  comparison  with  different  letters  is  different  (P<.05);  Mean  jt^  S.E. 


I 


205 


a 

60 

B 

d 

•H 

o 

d 

4-1 

n 

60 

<U 

q; 

60 

0) 

ttJ 

O 

V4 

U 

U-4 

O 

4-1 

CD 

o 

W 

0) 

3 

<4-l 

O 

O 

> 

•H 

4-1 

O 

(U 

o 

<4-( 

4J 

CO 

m 

<U 

tJ 

z 

d 

ci 

o 

d 

•H 

o 

•M 

n 

y-i 

O 

+j 

CO 

CO 

V-i 

c 

<U 

M 

4J 

p 

d 

d 

o 

M 

o 

<4-l 

CM 


CO 
H 


P4 


4-1 

CO 
Pi 

60 


CO 

o  d 

•H  O 

4-)  S 
CO 

3  -> 

iH  <U 

CO  S 


CT^ 


CO 


V 


to 

CO 


CO 
CM 


+  1  +1 


t3 


+  1 

CO 

<r 

CNJ 


o 


• 

in 

o 

CO 

o 

CO 

CO 

Csl 

• 

• 

+  1 

+ 

O 

00 

• 

o 

CO 

CO 

^3 


+  1 

CM 


CO 

+  1 

d 
CO 
cu 


in 

o 


V 

p-i 


4-> 

d 

(U 
M 

<U 

14-1 


CO 
U 
(D 
4J 
4J 
CU 


4-1 

d 

0) 
V-i 

cu 


4-1 


d 
o 
to 

•H 

CO 

&, 

0 

o 
o 

d 

CO 
<D 
B 

O 
U3 
CO 


o- 

00 
CM 


flj 

■n 

Ti 

. 

zj    z:  z: 

u 

m    m  m 

ro 

n3 

CO 

^   ^  ^ 

CO 

CO 

00 

QJ 

vO  vD 

v£> 

!2 

•~* 

+  1 

CO 

.  1 
+  1 

+  1+1+1 

+ 

+ 

QJ 

OO  0^ 

un 

W 

oc 

<D  <T 

o 

m 

■ 

J.J 

vO 

00 

tfl 

Cj  rn  f) 

m 

m 

m 

M 

c 

(U 

o. 

E 

••-1 

QJ 

to 

XI 

^ 

00 

*m 

^ 

XJ 

* 

<u 

O 

T3 

"O 

"C 

"Z 

o 

u 

u 

w 

jO 

-O 

Jot 

tl 

to 

CO 

(0 

CO 

CO  CO  oc 

CO 

CO 

oc 

to  3 

vC 

\0  vO 

vO 

^  0 

'  * 

1— ( 

t 

•—1 

C  J-J 

o 

+  1 

+1+1+1 

+ 

+  + 

E  5 

CO 

^   v£>  CsJ 

o 

m 

m 

jO 

CJ  w 

00 

m  c^i  CO 

a- 

CO 

>  0) 

• 

■    *  * 

p— <  -l-l 

CTN 

00 

QJ 

q;  i-J 

■"ij'  n 

en 

m 

Ul 

3  4J 

XJ  to 

frt 

•w 

til 

x: 

fl) 

** 

bO 

W) 

C)£ 

U-l 

U-l 

c 

N  ^ 

O 

*m 

01 

OJ 

QJ 

''^ 

U 

•o 

"O 

^    ^  ^ 

o 

o 

J" 

~  -~ 

CO 

XI 

X) 

It 

w 

TO 

to 

O 

00 

00  GO  CO 

00 

00 

CO 

vO  vD  \D 

vO 

•      •  • 

• 

•  * 

*^ 

t— 1 

00 

+  1 

+ 1 

IXJ 

o  o 

QJ 

<!■ 

+  1  +  1  +  I 

+  + 

* 

4-) 

CO 

n3 

' 

in 

O  to 

V-i 

00 

<J  r-»  a^ 

t— 1 

m 

+  i 

CN 

ON 

c 

rn  m 

m 

m 

td 

QJ 

<u  > 

"H  ^ 

r! 

*o  C 

*H  O 

iJ 

U-( 

O 

E  QJ 

•f-i 

QJ 

* 

E  S 

j: 

■  i-i 

"O 

oc  x: 

(J 

P-i 

5 

— 

"O  ^  "C 

U-l 

oc 

jO 

o 

* 

OJ 

UJ 

CO 

^  1-1 

CO   00  CO 

00 

00 

00 

c  ^ 

vD  vD 

■ 

*      '  * 

•"J 

+1+1+1 

0) 

- 

+  1 

+ 

+ 

+  I 

IXJ 

ftp  r" 

U-l 

vr 

CO 

un 

*    *  ' 

to 

CM 

m 

,  *H 

** 

O    1 . 
U  M 

OJ 

W) 

to 

QJ 

r  t  C 

u 

o 

M  H  S 

H 

H 

% 

u 

O  O  O 

O 

O 

o 

to 

t— 1 

• 

w 

1 

00 

f— 1 

QJ 

w 

C 

(0 

Q) 

O  Ul 

C 

E 

1^ 

•f-*  o 

QJ 

QJ 

fi  ^ 

i-t 

I 

fl^  In 

t  *- 

u  c 

(U 

C  -H 

OOo 

XJ 

to 

Ul 

o 

OJ 

u 

c 

ro 

CO 

0 

O 

XJ 

O 

O 

t-H 

to 

CO 

u 

•  f) 

QJ 

frt 

*? 

_j 

JJ 

Q. 

•Xj 

•H 

E 

c 

QJ 

o 

I-) 

iJ 

O 

QJ 

*  1 

11.  «*-t 

VW  HQ 

c 

0 

* 

bO 

to 

0) 

c 

E 

TJ  ^^ 

o 

Q) 

r— 1 

•H 

QJ  QJ 

E 

T) 

(0 

XJ 

E  <u 

O 

> 

E 

cs 

X3 

to 

»— (  U-l 

*— < 

to 

206 


00  CO 

a  a 

•H  3 

O  nj 

H  > 

H 

o  d 

<U  O 

>^  s 

rH  a; 

«  d 

•H  O 

T3  (-1 

S  CO 

s  d 

•H  M 

d 

(U  o 

s 

•H  ta 

u  c 

•H 

00  QJ 

d 

CO  0) 

•rH 

u  u 

N 

o  y-i 

QJ 

4-1 

Q) 

CO  U-t 

M 

<4-l 

^  ° 

O  QJ 

O 

4-1 

4-> 

•U  CO 

O  U 

U 

QJ 

O 

<4H  XJ 

•H 

•^^  d 

1-1 

QJ  CO 

a. 

C  OJ 

CO 

o  U 

QJ 

•H  3 

CJ 

W  4-1 

d 

O  CO 

CO  M 

u 

U  QJ 

QJ 

OJ  (X 

IW 

4J  B 

M-l 

d  Q) 

•H 

M  4J 

T3 

a-. 
60 

60 

60 

60 

60 

60 

60 

4-t 

U-l 

14-1 

U-l 

U-l 

U-l 

U-l 

QJ 

Q) 

Q) 

QJ 

QJ 

QJ 

QJ 

•O 

13 

•o 

T3 

X) 

X) 

O 

O 

O 

O 

CJ 

CJ 

a 

^ 

XI 

XI 

X> 

X 

cO 

CO 

(0 

CO 

CO 

CO 

CO 

• 

• 

• 

• 

• 

• 

• 

H 

•u 

+  1 

+  1 

o 

+ 

+ 

+ 

+  + 

d 

m 

CO 

CO 

I— I 

rH 

II 

CT> 

CO 

CM 

-a- 

CM 

« 

• 

• 

• 

• 

* 

* 

CO 

m 

vO 

vO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

QJ 

43 

CO 

60 

3 

U-l 

u-l 

XI 

<U 

0) 

CO 

Ci-i 

o 

o 

o 

o 

O 

QJ 

O 

XI 

XI 

X 

U 

CO 

CO 

CO 

CO 

CO 

CO 

3 

O 

r>. 

r-. 

r-^ 

4J 

4-1 

CO 

• 

• 

• 

• 

• 

• 

U 

CO 

r-l 

rH 

CU 

U 

+  1 

I+l 

o, 

3 

CM 

+  + 

1+  1 

+  + 

s 

O 

a» 

x: 

00 

<!• 

O 

r-l 

o 

4-1 

to 

CT\ 

m 

*> 

• 

• 

• 

• 

• 

II 

QJ 

CM 

to 

4J 

CSI 

CO 

CO 

-<r 

CO 

CO 

H 

CO 

U 

• 

60 

60x3 

60 

d 

60 

U-l 

X3 

• 

•H 

Xi 

QJ 

QJ 

U-l 

QJ 

QJ 

60 

CO 

N 

60 

<U 

XI 

T3 

U-l 

(U 

•4-1 

O 

o 

TJ 

O 

O 

VL/ 

+ 

<U 

QJ 

XI 

o 

XI 

X 

X) 

>^ 

CO 

CO 

XI 

CO 

CO 

o 

d 

CO 

v£) 

vO 

v£> 

vD 

OJ 

• 

• 

• 

• 

.H 

•H 

H 

CO 

+  1 

+ 

1  + 

I+l 

+ 

1  + 

I+l 

• 

CT> 

CO 

H 

lO 

00 

cr. 

cn 

00 

O 

si- 

<X) 

v£) 

CO 

o 

• 

• 

• 

• 

• 

CM 

00 

-H 

V 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

A  . 

QJ  CO  o 

60  U 

-H    CO  <U 

CO    M  ex.  QJ 

d  o  a  v-i 

•H   4-)  QJ  3 

CO  4J  4-t 


1 

rH 

QJ 

CO 

0 

CO 

60 

U 

•H 

CO 

QJ 

4-1 

M 

CX 

QJ 

•H 

O 

a 

U 

d 

4-1 

QJ 

3 

M 

CO 

4-1 

4-1 

d 
o 

•H 

4-1 
CO 
3 
H 
CO 


Si 

60 


+  1 

u-l 

CM 


X3 

60 

X! 

x: 

U-l 

60 

60 

x: 

QJ 

U-l 

u-l 

60  x: 

Id 

QJ 

xi 

QJ 

u-l  60 

o 

60  13 

QJ  u-l 

X 

O 

u-l 

o 

13  QJ 

CO 

1^ 

vD 

vO 

• 

• 

rH 

.H  H 

H 

+ 

1+ 

I+l 

+  1+ 

1  + 

00 

CM 

CO 

^  vi- 

00 

o 

vo  <r 

• 

« 

• 

o 

CO 

cs 

C7^  CTi 

in 

CO 

CM 

CO 

C^  CM 

CO 

H  H  2: 

o  o  o 


H  H  2: 
o  o  o 

rH 

I 


CO 
13 


QJ  60 
4J    d  60 

1-1  d 

>  -H 

O  N 


CO 


O 

r-l 
I 


CO 
X! 
4-1 

d 
o 
B 

cs 


o 


(  t  { 

n  t  /It 

o 

(J 

<u  o 

rrt 

O  rrt 

Cu  "J 

CO 

00  CO 

CO  CO 

U  u 

o 

r—l  1— t 

r— 1  r-1 

4-  1 

4-1-4-1 

44 

d  u 

4-1+1 

w 

Co  *^ 

M 

I/O  CO 

<U  CO 

0>  CO 

vO  C^i 

II 

CO  <D 

• 

"H      r  1 

CO 

LP,  v^J- 

^  O 

en 

CO  CO 

co  CO 

•-r-t 

CL) 

CO 

13 

4-* 

\J  \J 

1-Q 

r  1    f ) 
C4  W 

cd 

/-\ 
w 

1 1  1 

cd  cd 

cd  cd 

(U 

O 

CO 

CO  CO 

M 

S  M^ 

4) 

CO 

•  • 

•  • 

44 

l_l 
r-l 

t 

r—l 

1  ,J 
r— I  »^ 

Cd 

•-1 

4-14-1 

*  4-* 

-A-  1 
-t"  1 

d) 

CO 

CO  I3 

CO  "^J 

ca 

Q 

J3  •'^ 

1 

Q) 

'd 

w 

* 

44 

0 

\0  ^ 

O 

CnJ 

CO  *^ 

J      »  1 

11 
II 

Li 

/II  rH 

00 

1-1 

1—1 

,  1 

1 1  1   11  1 

/II  (11 

ni 

w 

t4_| 

*t3 

* 

111 

\J  w 

O 

cd  cd 

»XJ  4-J 

•»  CO 

CO  CO 

00  CO 

4-  ! 

00 

•  • 

O 

'H  3 

1 

 1   1 

1—1 

cd  • 

N  o 

+  1 

+  I+I 

d)  D 

(U  ^ 

00 

(1)  4-J 

CNj  1 — 1 

4J 

CO 

o 

* 

Csi 

•  cd 

J4 

00  CO 

o» 

ON  VD 

CO  c^j 

uO  d) 

OJ 

CO  CO 

CO  CO 

•H  "H 

*  B 

V  d) 

O     1  1 

P-i  44 

^  Co 

^""^  , 

w 

M   1     II  1 

III  n  1 

H  1 

d  Cd 

(1)  M— t 

'Cj 

<U  f4 

mh 

'd  o 

e  \    r  ) 

P  O 

(U 

O  'd 

4J  r*-" 

iJH  til! 

00 

oo 

m  CO 

1 1  1 

•  • 

-  J  t 
•1-1  i~~i 

•H  3 

r-l  tH 

H  H 

t3  CO 

>ri 

w  w 

4-  1 
1 

O.  1  4.  1 
"T  li"  1 

CO  Csl 

w  M 

<r 

4-14-1 
"1"  1  ^  1 

CO  4-J 

0  00 

CM 

CO 

•H  -H 

•H  M 

00 

I/O  C5 

CO  *rH 

N-^  O 

— ^ 
O  CO 

* 

rH  CM 

>4 

CO  CnJ 

CO  CO 

4-J  o 

44 

m1  /It 

J  1 

1  1      1  \ 

1 

Ci-, 

(U  CO 

o 

w  ^ — ' 

rtl  ^ 
w  ^ 

1-1  H 

-_i 
r^ 

w  O 

CtJ  <u 

1 

1 
1 

*^  *J 

n3 

<u 

M4  CO 

o  a 

p 

M4  d) 

•H 

3 

•rH 

r-r . 

CO  w 

4-1 

w 

1-4 

o 

d 

f  J  1 1 
V  M 

•H  H 

0)  4-> 

<u 

^  CO 

CQ 

^  C3 

1  3 

O  • 

O 

CO  d^ 

d  ri 

W  WJ 

(U 

•rH  CO 

O  0 

a,  (U 

a  n 

CU  44 

iJ  00 

M-t  TO 

^  M 

H  4J 

ca 
a 

cd  *H 

^  1 

\4  QJ 

0)  <u 

OJ 

>^ 

u 

TO 

CO 

TO  TO 

K*^  1—1 

44 

nt     t  t 

• 

vj 

o 

cd 

•H 

rH 

•U 

ctJ  "H  C 

Cn 

«; 

CO 

•rH  "rH 

ti  1 

3 

O  N 

H 

,H  0) 

•o 

JQ 

CO  a 

e  .H  (u 

CJ 

«0 
H 

e  o  K 
M  *4-4  m 

,Q 

CO 

208 


a. 


o- 

00 
CM 


209 


TaLile  176-     Interaction  effect  or  storaqe  time  (twelve,  eighteen  inontlis)  and 
free?inQ  rate  on  Jnstrcn  liewton  values  for  orouno  'Jte^  patties 
without  soy 


 Freezing  rate,  hours  to  0°F 

c va I uat  ion 

tiiiie,  months  'l^  4S  72 


1?  29.84  +  1.03de      33.32  +  1.03cde    35.38  +  1.03bcu      37.  uc,  +  1.03bc 

?y.l?  +  l.ij3e       3t.8b  +  1.()3licj    45.43  +  2.30a         'll.'o2  +  l.^'ob 


abcoe    Any  niean  coinparison  with  different  letters  is  Different  (P<.05);  Kean  +  S.t. 
Includes  just  -10°F  final  storuqe  ttniperature . 
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Table   178.     Interaction  effect  of  storage  time 
(twelve,   eif?,htepn  T.ontbs)   and    free7.inp   rate  on 
Instron  Newton  values   for  ground  beef  patties 
without  sov 


Freezing  rate,   hours   to  0°F 

Fva 1 ua  t  ion 

time,   months  lU  48 


12  31  .64  ^  .94b         32.63  ^^  .94ab 

1«  30.40  +   .94b         37 .  Ui  +  .94a 


ab     Any  mean  comparison  with  the  same  letters 
is  not  different   (P>.05);  ^lean  +  S.E. 


Table  179.     Interaction  effect  of  storage  time  (twelve,  eighteen 

months)  and  freezing  rate  on  Instron  Newton  values  for 

ground  beef  patties  without  soy  -  data  adjusted  for 

differences  prior  to  freezing^ 


Evaluation 

Freezing 

rate,  hours  to  0°F 

time,  months 

24 

48 

12 

33.57  + 

.94 

32.17  +  .94 

18 

32.33  + 

.94 

36.64  +  .94 

^  Differences  significant  (P<.05)  by  analysis  of  variance,  but 
not  by  HSD.    Mean  +  S.E.     Includes  any  0°F  final  storage 
temperature  and  non-temperature  abused  product. 
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Table  182.    Effect  of  freezing  rate  at  various  storaye  tinies  on  Instron 
modulus  values  for  qround  Lieef  patties  witnout  soy 


Freezing  rate,  hours  to  u°h 


Eval uat  ion 
time 

24 

48 

72 

96 

Imiiiedi  ately 
before  freezing 

25 

.72 

+  .26a 

21 

.09 

+  .2bc 

20 

75 

+ 

.26c 

23 

bJ 

+ 

.260 

12  months^l 

38 

.24 

+  .b6b 

39 

.27 

+  .66b 

40 

10 

+ 

.oDb 

42 

99 

+ 

.66a 

12  months^ 

32 

.06 

+  .71b 

39 

.61 

+  .710 

39 

88 

+ 

.71b 

43 

28 

+ 

.71d 

abc    Means  on  the  same  line  with  different  letters  are  different  (P<.u5); 
r'lean  +  S.E. 


^Includes  just  -10°F  initial  storage  temperature. 

^Includes  -10°F  and  0°F  final  storage  temperature  and  temperature  abused 
product.     Includes  0°F  final  storage  temperature  nonabused  product. 
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twelve  months,  patties  frozen  to  0°F  in  96  hours  had  higher  values. 
Adjusting  or  standardizing  the  data  for  pre-freezing  variation  in  modulus 
caused  more  differences  in  modulus  as  a  function  of  freezing  rate  (Table 
183).    Now,  0°F  in  24  hour  patties  had  lower  modulus  values  than  0°F  in  72 
hour  patties  at  nine  months,  all  rates  at  twelve  months  and  0°F  in  48  hour 
product  following  eighteen  months.    After  six  months  of  frozen  storage, 
patties  initially  and  finally  stored  at  0°F  had  lower  values  than  many  of 
the  other  initial -final  temperature  combinations  (Table  184).  Adjusting 
the  data  for  the  variation  pre-freezing  didn't  affect  this  finding,  but  did 
cause  the  patties  from  the  0°F  final  storage,  initially  held  at  -10°F  to 
also  be  lower  in  modulus  than  most  treatments  (Table  185).  Temperature 
abuse  produced  lower  modulus  values  for  patties  stored  initially  at  0°F 
than  nonabuse  when  measurements  were  taken  at  twelve  months  -  these 
differences  were  not  associated  with  -10°F  storage  (Table  186). 

Storage  time  comparisons  against  just  post-freezing  showed  increases 
in  modulus  values  (Table  187).    After  six  months  of  storage  for  the  0°F  in 
24  hour  rate,  only  the  +20°F  final  storage  produced  higher  values;  the  same 
being  true  for  0°F  in  48  hours  if  product  was  initially  stored  at  0°F.  All 
of  the  initial-final  temperature  combinations  for  0°F  in  72  hours  increased 
over  just  post-freezing  in  modulus,  while  mainly  the  patties  stored 
initially  at  -10°F  increased  in  modulus  for  patties  frozen  to  0°F  in  96 
hours  (Table  188).    Adjusting  these  data  for  pre-freezing  differences 
caused  many  of  the  values  for  patties  stored  at  +20°F  to  exceed  those  found 
just  post-freezing  regardless  of  rate  (Table  189).    Modulus  values  between 
six  and  nine  months  increased  only  for  patties  from  the  0°F  in  96  hour  rate 
(Table  190).    While  patties  from  the  0°F  in  24  hour  rate  had  lower  modulus 
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Table  183.     Effect  of  freezing  rate  on  Instron  modulus  values  for  ground 
beef  patties  without  soy  following  various  periods  of  storage 
-  data  adjusted  for  differences  prior  to  freezing 


Evaluation   Freezing  rate,  hours  to  0°F 

time,  months  24  48  72  96 


9 

35.29 

+ 

.85b 

37.75 

+ 

.98ab 

39. 

92 

+ 

.85a 

34. 

32 

4- 

.85b 

12  c 

35.16 

+ 

.71b 

41.32 

+ 

.71a 

41. 

93 

+ 

.71a 

42. 

45 

+ 

.71a 

12d 

35.32 

+ 

.66b 

40.98 

+ 

.66a 

42. 

15 

+ 

.  66a 

42. 

16 

+ 

.  66a 

18  e 

34.53 

+ 

.99b 

38.19 

+ 

.99a 

ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 

^  Includes  just  -10 °F  initial  storage  temperature. 

Includes  just  0°F  in  initial  storage  temperature  and  -10 °F  initial 
storage  temperature  for  temperature  abused  roasts. 

^  Includes  just  non-temperature  abused  roasts. 
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Table  186.     Interaction  effect  of  initial  storage  temperature 
and  final  storage  temperature  on  Instron  modulus 
values  for  ground  beef  patties  wittiout  soy 
following  twelve  monttis  storage 


Final 

storage  temperature. 

"f 

Initial  storage 
temperature,  °F 

-lOT 

OT 

ON 

-10 

40 

53 

+  .bOab 

39.04  +  .80b 

39. 

98  +  .8uab 

0 

39 

23 

+  .80b 

39.01  +  .80b 

43. 

31  +  .80a 

ab    Any  iiiean  comparison  with  the  same  letters  is  not  different 
(P>.0b) .    /lean  +  S.t. 

T  =  temperature  abused,  N  =  not  temperature  abused. 


Tdble  187.    Effect  of  various  storage  time 
comparisons  on  Instron  H'Odulus  values  for 
qround  beef  patties  without  soy 


Ev dl uat  ior 

t  iiiies 

Iirrned  i  atel  y  before  In 
f reez  i  nq 

meu  i  at  e  1  y  foil  ov.'  i  ng 
freezing,  1  day 

7?  80  +  MSb 

31.34  +  .85a 

I.nmed  i  atel  y  following 
freezing,  1  day 

6  inonths 

3 1 . 34  +     .  79b 

39.87  +  .79a 

Immediately  following 
freezing,  1  day 

9  months 

31 .34  +  1.11b 

36.84  +  1.11a 

Imnieo lately  follovjinc 
freezing,  1  day 

12  months^ 

31 .34  +  .93b 

'^UJ.21  +  .^.'3a 

Immediately  following 
freezing,  1  day 

12  months 

31 .34  +  .92b 

40. 15  +  .92a 

Immediately  followina 
freezing,  1  day 

lb  months*^ 

31 .34  +  1 . 25d 

39.62  +  1 .25a 

Immediately  following 
freezing,  1  day 

13  months^ 

32.35  +  1 .62b 

36.96  +  1 .62a 

ao    Difference  between  means  on  the  same 
line  are  significant  (P<.05); 
Mean  +  S.E. 


•^-Includes  just  -1U°F  initial  storage 
temper  at  ure . 

^Includes  just  nonabused  product. 

^Includes  just  0°F  in  24  ana  48  hr 
freezing  rdtes. 
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Table  190.     Interaction  effect  of  storage  time  (six,  nine  montns)  ana 
freezing  rate  on  Iristron  modulus  values  for  oround  beef 
patties  witriout  soy 


 Freezing  rate,  hours  to  0°F  

Eval uat  ion 

time,  months  24   48  72   96 


6  33.81  +  .92c        39.23  +     .92ab      39.48  +  .92db      39.81  +  .92d 

9  38.21  +  .^2dbc    3b. 12  +  l.l3dDC    37.88  +  .92abc    3b. lb  +  .^2bc 


abc    Any  mean  comparison  with  different  letters  is  different  (P<.ud); 
i\ean  +  S.E. 
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values  than  the  other  rates  following  six  months,  no  differences  were  noted 
after  nine  months.    Data  adjustment  to  these  data  resulted  in  the  values 
for  the  0°F  in  72  hour  rate  at  nine  months  to  be  higher  than  the  0°F  in  24 
and  96  hour  rates  (Table  191).    Following    nine  months  of  storage,  all  the 
initial -final  temperature  combinations,  except  for  -10°F  initial  and  0°F 
final  produced  higher  modulus  values  than  those  recorded  just  after 
freezing  (Table  192).    Between  nine  and  twelve  months,  modulus  increased 
only  for  the  0°F  in  96  hour  rate  (Table  193).    Data  adjustment  for 
pre-freezing  differences  did  not  change  these  results  (Table  194).  Between 
twelve  and  eighteen  months  of  storage,  Instron  modulus  values  decreased  for 
the  0°F  in  48  hour  rate  (Table  195),  even  with  pre-freezing  data  adjustment 
(Table  196). 

General  values  for  Instron  fail  energy  are  given  in  Table  197.  The 
values  are  at  80%  of  the  total  energy.    As  with  other  Instron  values, 
freezing  produced  an  increase  in  fail  energy  values.    Values  tended  to  be 
erratic  and  didn't  follow  a  trend  respective  to  temperature  or  time.  At 
six  months,  the  0°F  in  24  hour  rate  produced  lower  values  than  the  other 
rates,  while  at  nine  months,  this  was  true  only  between  the  0°F  in  24  hour 
rate  and  the  0°F  in  48  and  72  hours  (Table  198).    After  eighteen  months, 
values  for  the  0°F  in  24  hour  rate  were  lower  only  in  comparison  with  the 
0°F  in  96  hour  rate.    Data  adjustments  for  differences  prior  to  freezing 
showed  no  rate  effects  of  six  months  for  fail  energy.    Nine  and  eighteen 
month  differences  also  changed  (Table  199).    At  nine  months,  patties  frozen 
to  0°F  in  96  hours  had  lower  fail  energy  values  than  the  other  rates. 
After  eighteen  months,  product  from  the  0°F  in  96  hour  rate  had  lower 
values  than  0°F  in  72  hour  rate.    Freezing  rate  and  temperature  abuse. 
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Table   191.     Interaction  effect  of  storage  time  (six,  nine  months)  and 
rate  of  freezing  on  Instron  modulus  values  for  ground  beef 
patties  without  soy  -  data  adjusted  for  differences  prior  to 
freezing 


Evaluation   Freezing  rate,  hours  to  0°F  

time,  months  24  48  72  96 

6  30.88  +  .92d      40.94  +  .92a         41.53  +  .92a      38.98  +  .92ab 

9  35.29  +  .92bc    37.83  +  1.13abc    39.92  +  .92a      34.32  +  .92cd 

abed  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 
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Table  193.     Interaction  effect  of  storage  time  (nine,  twelve  inontnsj  ana 
rate  of  freezing  on  instr'on  modulus  values  for  yrouno  beef 
patties  without  soy 


 Freezing  rate,  hours  to  0°F  

Evdl uat  ion 

time,  months  24   48  72   % 


9  3b.21  +  .73bc      35.bb  +  .89bc       37.b8+.73bc      35. 15+. 73c 

12  37.56  +  .73bc      38.23  +  .73bc       38.^8  +  .73d       a2.7j  +  .73a 


dbc    Any  mean  comparison  with  different  letters  is  different  (P<.U5); 
Mean  +  S.E. 
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Table   194.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 
freezing  rate  on  Instron  modulus  values  for  ground  beef 
patties  without  soy  -  data  adjusted  for  differences  prior  to 
freezing 


Evaluation   Freezing  rate,  hours  to  0°F 

time,  months  24  48  72  96 


9  35.29  +  .73c      37.38  +  .89bc        39.92  +  .73ab    34.32  +  .73c 

12  34.74  +  .73c      39.94  +  .73ab       41.03  +  .73a      41.89  +  .73a 


abc  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1128Q,  p.  3 


Taole  195-     Interaction  effect  cf  storage 
tine  (twelve,  eiqliteen)  rpontns) 
and  rate  of  freezinc  on  Instron 
modulus  values  fro.ii  around  beef 
patt  i es  without  soy 


rreezini]  rate,  liours  to  ':°h 

Evaluation 

time,  months  24  48 


12  S'^.^O  +_  .obab      41 .35  .Dba 

Id  38.69  +  .ohdb      3S.70  +  .boo 


ab    Any  inean  comparison  with  different  letters 
is  different  (P<.U5).    ''lean  +  S.t. 
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Table  196.     Interaction  effect  of  storage  time  (twelve,  eighteen  months) 
and  rate  of  freezing  on  Instron  modulus  values  for  ground 
beef  patties  without  soy  -  data  adjusted  for  differences 
prior  to  freezing 


Evaluation   Freezing  rate,  hours  to  0°F 

time,  months  24  48 


12  36.48  +  .66b  43.05  +  .66a 

18  35.77  +  .66b  37.41  +  .66b 


ab    Any  mean  comparison  with  the  same  letters  is  not  different 
(P<.05).    Mean  +  S.E. 


1128Q,  p.  4 
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Table  198.    Effect  of  freezing  rate  cn  Instron  fail  energy  values  for  ground 
neef  patties  without  sov  following  various  storcioe  oeriods 


Freezing  rate,  nours  to  Q°F 


Eval uat  ion 

time,  months  24  48   72  96 

6  6.88  +  .14c         0.17      .14a  7.bb  +  .14b         7.b4  +  .14ab 

9  6.89  +  .lob         o.U  +  .20a  7.5b  +  .Itiab       b.ll  +  .loa 

16C  6.38  +  .25b         7.63  +  .25ab         8.63  +  .36ab       7.76  +  .25a 


ab    Means  on  the  same  line  with  different  letters  are  different  (H<.05); 
Mean  ^  S.E. 

^Includes  just  nontemperature  abusea,  -10°F  final  storage  temperature  product 
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while  involved  in  a  significant  (P<.05)  interaction,  followed  no  apparent 
trend  (Table  200)  after  twelve  months  storage.    Pre-freezing  data 
adjustments  resulted  in  most  0°F  in  96  hour  treatment  combinations  being 
lower  in  fail  energy  values  than  the  other  rates  (Table  201),  regardless  of 
temperature  abuse.    Also,  at  twelve  months,  patties  initially  and  finally 
stored  at  0°F  were  higher  in  fail  energy  if  no  temperature  abuse  was 
applied  (Table  202). 

Freezing  in  itself  and  storage  time  comparisons  with  just 
post-freezing  produced  increases  in  fail  energy  values  (Table  203).  At 
twelve  months,  most  of  those  increases  seemed  associated  with  the  0°F  in  48 
hour  rate  and  0°F  final  storage  for  the  0°F  in  72  hour  rate  (Table  204). 
Between  twelve  and  eighteen  months,  fail  energy  increased  for  the  0°F  in  72 
hour  rate  (Table  205).    Making  adjustments  for  pre-freezing  differences  did 
not  change  these  results  (Table  206). 

The  next  section  of  the  report  deals  with  weight  loss  during  various 
stages  of  the  study  including  cooking.    General  values  for  weight  loss 
associated  with  freezing  through  cooking  are  depicted  in  Table  207.  These 
total  project  losses  indicate  a  rate  effect  (more  with  slower  freezing 
rates)  at  about  every  storage  temperature-storage  time  combination.  After 
six  months,  total  loss  through  cooking  was  higher  for  the  0°F  in  72  and  96 
hour  rates  vs  the  0°F  in  24  and  48  hour  rates  (Table  208).  Following 
twelve  months,  regardless  of  the  final  storage  temperature,  0°F  in  96  hour 
patties  always  had  higher  total  losses  than  0°F  in  24  hour  patties  (Table 
209). 

The  first  six  months  produced  a  decrease  in  total  weight  loss  while 
between  six  and  nine  months,  an  increase  occurred  (Table  210).  However, 
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Table  202.     Interaction  effect  of  initial  storage  temperature 
ana  rate  of  freezing  on  Instron  fail  enerLjy  values 
for  ground  beef  patties  witnout  soy  following 
twelve  ;iionths  storaoe 


Final 

storage  temperature,  °F 

Initial  storage 
temperature,  °F 

-lOT 

OT 

-lu 

7.74  +  . 1  lab 

7 .64  +  .  1 1  ab 

7.55  +  . 1  lab 

0 

7.61  +  . 1 1 aD 

7.26  +  .lib 

7.8d  +  .lid 

ab    Any  ifiean  comparison  with  the  same  letters  is  not  aifferent 
(P>.05) .    i-iean  +  S.E. 

T  =  temperature  abused,  N  =  not  temperature  abusea. 


Table  203.    Effect  of  various  storage  time 
comparisons  on  Instron  fail  energy  Vdlues 
for  cround  beef  patties  without  soy 


hvaluation  tidies 

Immediately  oefore 
freezing 

Iiiiinea i ately  following 
freezing,  1  day 

5.8l  +  .15b 

b.88  +  .15a 

Immedi  atel y  fol lowing 
freezing,  1  day 

6  months 

b.bS  +  .20D 

7.55  +  .20a 

Immediately  following 
freezing,  1  day 

9  months 

b.88  +  .18b 

7 .68  +  .18a 

Immediately  following 
freezing,  1  day 

12  months*^ 

b.o8  +  . 13b 

7.61  +  .13a 

Immediately  following 
freezing,  1  day 

12  months'^ 

0.88  +  .13b 

7 .62  +  .13a 

Inifiied i atel y  following 
freezing,  1  day 

18  months^ 

D.88  +  .2^0 

7.76  +  .24a 

ab    Uifferences  between  means  on  the  same 
line  are  significant  (P<.05); 
riean  +  S.E. 


•^Includes  just  temperature  abused 
product  for  -10°F  final  storage 
temperature . 

•^Includes  just  -10°F  initial  storage 
temperature. 

^Includes  just  -10°F  final  storage 
teaiperature. 
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Table  205.     Interaction  effect  of  storage  time  (twelve,  eighteen  months)  on 
Instrori  fail  energy  values  for  grouno  beef  patties  witnout  soy 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  ^4  48  72   % 


12  7.13+.15UC       5.0U+.15b  7.41  +  .15bc  7.b:^j^.l5b 

18  6.64  +  .15c         7.b2  +  .15bc         9.21  +  .33a         7.Db  +  .21b 


abc    Any  mean  comparison  with  different  letters  is  different  (P<.05); 
Mean  +  S.E.     Includes  just  -10°F  final  storage  temperature. 


242 


a) 

4-1 

u 

j-l  00 

m  a.  -H 

^  N 

C3  0)  <U 
O  QJ  VJ 
S  ^ 

C  t3  O 
(U  0  4J 
0)  3 
4->  O  VJ 
Xi  U  o 
00  &0  -H 
M 

M 
O 


0) 


W 
<U 
O 

r-l  d 

OJ    3  0) 

4-1  0) 
^  >  U-t 

S    00  IT) 
•H  U 
4-1    OJ  M 
fl  O 

Q)  oj  m 
00 

CO  iH 

O  Ct)  4-> 

j-1  4-1  m 
CO  3 

4-1  O 
O  VJ 


4->  CO  cO 

O  C3  -P 

<U  M  ctJ 

4-1  -O 

<+-(  C3 

(U  O  I 

c:  00  >. 

O  q!  O 


ctJ  (U 

VJ  Vj 

0)  4-1 
4-1 

C!  4H 


O  * 


o 

CM 

<u 

r-l 

cd 
H 


0) 
4-) 

VJ 

oo! 
c 

•H 

N 
QJ 
QJ 
VJ 


CM 


00 


CM 


o  o 


+  1+1 

in  cNj 

\0  v£> 


J3  CO 
lO  CO 

r-l  CO 


+  1+1 

>r)  LP) 
•  • 

1 —  CT^ 


+  1+1 

H  CO 
O 

CO  r-. 


in  in 


+  1+1 

r-l  CO 

o  uo 
CO  r-^ 


4->  q| 

Cd 

OJ 

cd  S 


CNl  00 


CO 


m 
o 

V  • 

Oj  QJ 

^  U 
3 

4-1  +J 

d  cd 

QJ  Vj 

n  Q) 

QJ  Cu 

4-1  S 

4-1  0) 

•H  4-t 

QJ 

cn  oo 

•H  cd 
VJ 

cn  o 
Vj  4-t 
QJ  cn 

4-1 

4-1  rH 

QJ  cd 

rH  d 
•rH 

4-1  4-1 

d 

Q)  fii 

Vj  o 

QJ  O 

*W  rH 

4-1  I 

•rH 

t3  -P 
W 

4-1  1-) 
•H 

S  CO 

QJ 

d  t3 
O  3 
CD  r-i 
•H  O 

VJ  d 
cd  M 

Ou, 

0 

o  • 

V  w 

• 

d  CO 

QJ  +1 

e 

d 

>^  cd 
d  QJ 
■3  2: 

o 

Cd 


0 

1 

OJ 

o 

C 

M— 

0 

<D 

t_ 

rsi 

_C1 

+-> 

ee 

LU 

4-J 

t_ 

0 

on 

0 

—5 

to 

0 

to 

J_) 

0 

a; 

to 

0 

+-> 

t_ 

'n| — 

th 

t_ 

no 

4-> 

CD 

c 

(/> 

CD 

OJ 

O) 

-t-> 

+-> 

re 

{_ 

^ 

•M 

3 

•  r— 

t) 

4-> 

cn 

30 

a. 

c: 

Ol 

t_ 

(/) 

:j> 

<+- 

QJ 

O) 

tsl 

c: 

OJ 

CI. 

CO 

ai 

na 

QJ 

c: 

>1 

OJ 

r: 

jD 

OJ 

£_ 

u 

■a 

-M 

Ll_ 

+_) 

O) 

c: 

Z3 

<D 

0 

03 

(J 

t_ 

C_ 

t_ 

CD 

0 

u 

OJ 

+J 

Q. 

JO 

to 

St 

Ol 

4- 

n3 

+-> 

+-) 

C 

tj 
+j 

cn 

4- 

to 

cr 

0 

0 

0 

-M 

0 

+-) 

c 

ID 

(J 

C_ 

cn 

■M 

l_ 

c 

1/1 

OJ 

13 

+-> 

^ 

0 

4- 

OJ 

ro 

0 

cn 

fa 

<U 

0 

s_ 

(_ 

O) 

10 

0 

Z2 

-M 

4-> 

4-> 

Xj 

CO 

03 

13 

13 

c 

4-) 

cn 

na 

c 

OJ 

C71 

"r— 

OJ 

e 

M 

<X3 

Ll- 

■»-> 

QJ 

O) 

t_ 

C 

O) 

0 

<u 

l_ 

■!-> 

CD 

4- 

1/1 

o 

CM 

QJ 
-C 


3 

X> 

I 


I 


30 


o 
■=3- 
I 


c 


5 

o 


-D  :ri  x>  ^ 


3  -D 


—  ro  o 
ro  n  —  r) 


+  1      +I+I+I+I      +1+1      +I+I+I  + 


^  r)  ,NJ 
—  -D 


-o  :ri  ^  ^ 
-n  x>  x>  X} 


y>  o  >J  ."M 
^  =^  ^ 
(III 


XI  -n  I — 
ro  xj  XI  -n 


I  I 


-o  :r. 


?0  —  X) 

^  ^  ^  ^ 
I    I    I  I 


-D  ro  JD 
vO  3^  CM 


ro  x>  cn 

CVJ  O  ^0  ^ — 


XJ  T> 


ro  X)  X)  o 
-■vj  x>  — 


X)  CM  -"NJ  XI 
=^  ^  ^ 
I      I      I  I 


r—  00 


XJ  — 

I  I 


CM  CM  XJ  CM 
^ 

I      I      I  I 


I —  X)  C3^ 
■ —  CM  CO  O 


O  r—  o 
^  'vT 
I     I     I  I 


r-.  .0  CTi 

CM  CTl  CM 


XJ  , — 

I  I 


CM  r-^ 

^  r— 


^    -vj-     ^  ^ 

I    I    I  I 


3^  Cj^  ro 
CO  cn  C3^ 


v£)  ^  I — 
CD  O  CM 


ro  ro 

. —  CM 


CM  -n  -n 

00  , —  CO 


00^0 
■vT  =^  =^3- 
I     I     I  I 


I  i 


r—  o  o  cr. 
<d-  «d-  ro 
I    I    I  I 


0000 

• —  CM  CM 
I 


o  c:^  o  o 
I  I 


X5 


I  • 


ro 
I 


+  1    +I+I+I+I    +1+1    +I+I+I+I  +h 


-n  . — 


+  1 

+  1+ 

1  + 

l+l 

+  1+1 

4- 

1+ 

1  + 

l+l 

+ 

1  + 

cn 

^  r— 

CTl 

cn 

ro  CM 

n 

CM 

• 

X)  .  

-n 

ro 

CO 

CM 

1 — 

r—  O 
I  I 


O  r- 


+  1  +I+I+I+I  +1+1  +I+I+I+I  +1+1 


<^  ,  


<^  ro 
I  I 


I 


>i 

0 

03 

4- 

"C 

c 

0 

CL> 

(/) 

to 

to 

+-> 

sz 

JC 

x: 

4-> 

ra 

■M 

■M 

■M 

-M 

QJ 

c 

C 

C 

C 

■0 

N 

0 

0 

0 

0 

OJ 

OJ 

£ 

c= 

OJ 

> 

t_ 

cn 

CM 

CO 

UJ 

4- 

r-H 

1 — t 

m 


Table  208.    Effect  of  freezing  rate  on  percent  change  in 
weight  of  ground  beef  patties  without  soy  from  just  before 
freezing  until  after  cooking  for  patties  stored  six  months 


Freezing 

rate. 

hours  to  0°F 

24  48 

72 

96 

-40.54  +  .22b     -40.78  + 

22b 

-42.19  +  .22a 

-42.35  +  .22a 

ab    Means  on  the  same  line  with  different  letters  are 
different  (P<.05);  Mean  +  S.E. 
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Table  209.    Interaction  effect  of  final  storage  temperature  and  rate  of 

freezing  on  percent  change  in  weight  from  just  before  freezing 
until  after  cooking  for  ground  beef  patties  without  soy  stored 
twelve  months 


Freezing  rate,  hours  to  Q°F 


Final  storage 
temperature 

24 

48 

72 

96 

-lOT 

41 

.36 

+  .35cd 

41 

.85 

+ 

.35bc 

42 

.23 

+ 

.35abc 

43 

.56 

+  .35ab 

OT 

40 

.65 

+  .35cd 

41 

.26 

+ 

.35cd 

42 

.18 

+ 

.35abc 

41 

.87 

+  .35bc 

ON 

39 

.45 

+  .35d 

41 

.71 

+ 

.35c 

42 

.1 

+ 

.35abc 

43 

.84 

+  .35a 

abed    Any  mean  comparison  with  different  letters  is  different  (P<.05); 
Mean  +  S.E.;  T  =  Temperature  abused,  N  =  Not  temperature  abused. 
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Table  210.    Effects  of  various  storage  time 
comparisons  on  percent  change  in  weight  of 
ground  beef  patties  without  soy  from  just 
before  freezing  until  after  cooking 


Eval uation 

t  imes 

Immediately  following 
freezing,  1  day 

6  months 

-42.21  +  .34a 

-41.41  +  .34b 

6  months 

9  months 

-41 .21  +  .20b 

-41 .84  +  .21a 

12  months^ 

18  months^ 

-40.78  +  .20a 

-39.97  +  .20b 

ab    Means  on  the  same  line  with  different 
letters  are  different  {P<.05); 
Mean  +  S.E. 


^Includes  only  0°F  final  storage 
temperature. 
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total  loss  decreased  between  twelve  and  eighteen  months.    After  six  months, 
there  were  indications  that  +20°F  final  storage  produced  more  total  loss 
(Table  211). 

Values  for  loss  just  due  to  freezing  did  not  show  much  difference  due 
to  freezing  rate  (Table  212).    General  values  from  just  before  freezing 
until  after  storage  are  given  next.    There  was  a  trend  for  more  loss  in 
this  category  as  related  to  slower  freezing  rates  (Table  213).    Thus,  it 
would  appear  that  perhaps  much  of  the  effect  of  freezing  rate  on  weight 
loss  is  not  so  much  measured  in  freezing,  but  rather  in  storage.  Slower 
freezing  rates  produced  more  weight  loss  than  faster  rates  after  twelve 
months,  with  these  effects  more  evident  for  the  nonabused  product  (Table 
214).    At  eighteen  months,  patties  from  the  0°F  in  48  hour  rate  had  more 
loss  due  to  freezing  and  storage  than  patties  from  the  0°F  in  24  hour  rate 
if  initial  storage  was  at  -10°F;  initial  storage  at  0°F  produced  the 
opposite  results  (Table  215). 

Weight  loss  during  storage  was  quite  variable  respective  to  freezing 
rate  and  storage  temperature  (Table  216).    At  twelve  months,  patties  frozen 
to  0°F  in  24  and  48  hours  had  less  weight  loss  during  storage  than  patties 
frozen  to  0°F  in  72  hours  (Table  217).    At  eighteen  months  of  storage, 
product  from  the  0°F  in  48  hour  rate,  but  not  the  0°F  in  24  hour  rate,  if 
stored  at  -10°F  initially  had  more  loss  during  storage  than  if  stored  at 
0°F  (Table  218). 

Cooking  loss  increased,  even  after  storage,  with  slower  rates  of 
freezing  (Table  219).    It  is  surprising  that  freezing  rate  exerts  its 
effects  on  an  attribute  like  cooking  loss,  even  after  storage.    The  0°F  in 
72  and  96  hour  rates  yielded  higher  cooking  losses  than  the  n°F  in  24  and 
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Table  214.    Interaction  effect  of  temperature  abuse  and  rate  of  freezing 
on  percent  change  in  weight  of  ground  beef  patties  without 
soy  from  just  before  freezing  until  after  twelve  months  storage 


 Freezing  rate,  hours  to  0°F  

Temperature 

abuse  24  48  72  96 


T  -.85  +  .29c      -1.14  +  .29bc      -1.45  +  .29b      -1.45  +  .29b 

N  -.82  +  .29c     -1.33  +  .29b       -2.91  +  .29a     -1.17  +  .29bc 


abc    Any  mean  comparison  with  different  letters  is  different  (P<.05); 
Mean  +  S.E.;  T  =  Temperature  abused,  N  =  Not  temperature  abused. 


Table  215.    Interaction  effect  of  initial 
storage  temperature  and  rate  of  freezing  on 
percent  change  in  weight  of  ground  beef 
patties  without  soy  from  just  before  freezing 
until  after  18  months  storage^ 


Freezing  rate. 

hours 

to  0°F 

Initial  storage 
temperature 

24 

48 

-10 

-1.57  +  .29 

-2.42 

+  .29 

0 

-1 .70  +  .29 

-1 .08 

+  .29 

^Interaction  effect  significant  (P<.05)  by 
analysis  of  variance  but  not  by  HSD. 
Mean  +  S.E. 
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Table  217.    Effect  of  freezing  rate  on  percent  change  in 
weight  of  ground  beef  patties  without  soy  from  just  after 
freezing  until  after  twelve  months  storage 


Freezing  rate, 

hours  to 

0°F 

24 

48 

72 

96 

-.26  +  .21b 

-.58  +  .21b 

-1 .46  + 

21a 

-.65  +  .21ab 

ab    Means  on  the  same  line  with  different  letters  are 
different  (P<.05);  Mean+  S.E.     Includes  only  -10°F 
initial  storage  temperature  product. 


Table  218.     Interaction  effect  of  initial 
storage  temperature  and  rate  of  freeziny  on 
percent  change  in  weight  of  ground  beef 
patties  without  soy  from  just  after  freezing 
until  after  18  months  storage^ 


Freezi  ng 

rate , 

hours  to 

0°F 

Initial  storage 
temperature 

48 

-10 

-.89  +  . 

i^7ab 

-1 .74  + 

.27a 

0 

-1 .01  +  . 

i^7ab 

-.28  + 

.27b 

ab    Any  mean  comparison  with  the  same  letter 
is  not  different  (P>.U5);  Clean  +  S.E. 
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48  hour  rates  after  six  months  (Table  220).    For  nonabused  -10°F  final 
storage  product  after  eighteen  months,  0°F  in  96  hour  freezing  rate 
produced  higher  cooking  losses  than  the  0°F  in  24  hour  rate.    More  loss 
during  cooking  was  found  for  -10°F  final  storage  vs  0°F  final  storage 
following  twelve  months  storage  (Table  221).    Freezing  in  itself  increased 
cooking  loss  as  did  storage  in  comparison  with  just  post-freezing  (Table 
222).    Cooking  loss  decreased  between  twelve  and  eighteen  months. 
Following  six  months  of  storage,  patties  initially  stored  at  -10°F  and  0°F 
finally  were  lower  in  cooking  loss  than  patties  evaluated  just  after 
freezing  (Table  223).    After  twelve  months,  patties  initially  stored  at  0 
and  finally  at  -10°F  had  lower  cooking  losses  than  patties  just  post- 
freezing  (Table  224).    There  were  indications  that  0°F  final  storage 
following  eighteen  months  produced  more  cooking  loss  than  that  noted  just 
after  freezing  (Table  225). 

The  next  set  of  tables  depicts  changes  in  patty  thickness  as  a  result 
of  cooking.    Freezing  in  itself  produced  an  increase  in  thickness  (Table 
226)  with  storage  up  to  six  months  causing  greater  declines  in  thickness. 
Before  freezing,  patties  from  the  formulations  selected  for  the  0°F  in  24 
and  72  hour  rates  had  more  swelling  than  patties  from  the  0°F  in  48  and  96 
hour  rates  (Table  227).    At  eighteen  months,  patties  from  the  0°F  in  96 
hour  rate  underwent  more  shrink  than  the  0°F  in  72  hour  rate.    After  six 
months  of  storage,  +20°F  storage  of  nonabused  patties  created  more  shrink 
in  patty  thickness  than  the  other  final  storage  temperatures  (Table  228). 
Following  twelve  months  of  storage,  patties  from  the  0°F  in  24  hour  rate, 
temperature  abused  and  stored  finally  at  either  -10  or  0°F  had  less  shrink 
than  the  other  rates  (Table  229).    Nonabused  product  from  the  0°F  in 
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Table  220.    Effect  of  freezing  rate  on  percent  cooking  loss  in  ground  beef 
patties  without  soy  at  six  and  eighteen  months  of  storage 


Freezing  rate,  hours  to  0°F 

Eval  uation 
time,  months 

24 

48  72 

96 

6 

40 

72  + 

.22b 

40.95  +  .22b     42.21  +  .22a 

42 

.54 

+  .22a 

IBC 

39 

67  + 

.30b 

40.85  +  .30ab    41.17  +_  .43ab 

42 

.73 

+  .30a 

ab    Means  on  the  same  line  with  the  same  letters  are  not  different  (P>.05); 
Mean  +  S.E. 


^Includes  just  nonabused  -10°F  final  stored  product. 


Table  221.    Effect  of  final  storage  temperature 
on  percent  cooking  loss  of  ground  beef  patties 
without  soy  following  twelve  months  storage 


Final  storage  temperature,  °F 
-lOT  OT  ON 


42.23  +  .20a       41.47  +  .20ab       41.80  +  .20b 


ab    Means  on  the  same  line  with  the  same 
letters  are  not  different  (P>.05); 
Mean  +_  S.E.;  T  =  Temperature  abused; 
N  =  Not  temperature  abused. 


Table  222.    Effects  of  various  storage  time 
comparisons  on  percent  cooking  loss  in 
ground  beef  patties  without  soy 


Evaluation  times 


Immediately  before      Immediately  following 
freezing  freezing,  1  day 


37.97  +  .49b 


42.70  +  .49a 


Immediately  following 
freezing,  1  day 


6  months 


42.70  +  .33a 


41.43  +  .33b 


Immediately  following 
freezing,  1  day 


12  months 


42.70  +  .34a 


41.85  +  .34b 


Immediately  following 
freezing,  1  day 


18  months^ 


41.74  +  .74a 


39.82  +  .74b 


Immediately  following 

freezing,  1  day  18  months'^ 


42.70  +  .30a 


41 .10  +  .30b 


12  months 


18  months 


42.06  +  .19a 


40.83  +  .19b 


ab    Means  on  the  same  line  with  different 
letters  are  different  (P<.05); 
Mean  +  S.E. 

^Includes  just  0°F  in  24  and  48  hr 
freezing  rates. 


^Includes  just  0°F  and  -10°F  final 
storage  temperatures. 
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Table  228.     Effect  of   final  storage  temperature  on  percent 
change  in  patty  thickness  during  cooking   for  ground  beef 
patties  without  soy  following  six  months  storage 


Final 

storage 

temperature,  °F 

-lOT 

OT 

20T 

20N 

-17.79  +  .70b 

-18.06 

+  .70b 

-19.04  +  .70b 

-21.93  +  .70a 

ab     Means  on  the  same  line  with  different   letters   are  different 
(P<.05);  Mean       S.E.;   T  =  Temperature  abused;   N  =  Not 
temperature  abused. 
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24  hour  rate  did  not  differ  from  the  other  rates.    The  same  situation  also 
occurred  at  that  storage  time  for  patties  initially  stored  at  -10°F  (Table 
230).    Table  231  shows  the  greater  reduction  in  patty  thickness  during 
cooking  for  patties  from  the  0°F  in  96  hour  rate  at  eighteen  months  vs  the 
0°F  in  24  hour  rate. 

As  mentioned  earlier,  nonfrozen  patties  underwent  a  swelling  in 
thickness  during  cooking,  while  immediately  frozen  patties  decreased 
slightly  in  thickness  and  patties  following  storage  exhibited  substantial 
shrinkage  in  thickness  (Table  232).    Longer  storage  (nine  vs  twelve  months, 
twelve  vs  eighteen  months)  also  illustrated  more  patty  thickness  shrinkage 
during  cooking.    Between  six  and  nine  months,  patties  had  less  patty 
thickness  shrinkage  for  all  rates,  except  for  the  0°F  in  72  hour  rate 
(Table  233).    All  the  temperature  combinations  for  the  0°F  in  72  hour  rate 
at  twelve  months  had  more  thickness  shrinkage  compared  to  just  after 
freezing  (Table  234).    The  same  was  true  for  0°F  in  48  hour  frozen  patties 
stored  finally  at  0°F.    All  temperature  combinations  for  the  0°F  in  24  and 
48  hour  rates  produced  more  shrink  in  patty  thickness  at  eighteen  months, 
except  for  the  patties  stored  initially  at  -10°F  and  initially  and  finally 
at  0°F  (Table  235). 

General  values  for  change  in  patty  diameter  during  cooking  are  shown 
in  Table  236.    Values  were  variable  and  followed  no  real  trend.  A 
significant  interaction  of  i ni ti al -f i nal  storage  temperature  and  freezing 
rate  was  noted  at  six  months,  although  differences  were  few  and  followed  no 
trend  (Table  237).    Nonabused  product  had  more  diameter  reduction  than 
abused  product  following  six  months  of  storage  (Tables  238,  239).  At 
twelve  months  of  storage,  patties  from  the  -10°F  initial  temperature,  0°F 
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Table  230.     Interaction  effect  of  temperature  abuse  and  rate  of  freezing 

on  percent  change  in  patty  thickness  during  cooking  for  ground 
beef  patties  without  soy  following  twelve  months  storage 


 Freezing  rate,  hours  to  0°F  

'emperature  abuse  24  48  72  96  

T  -  7.64  +_  1.70c       -19.38  +_  1.70a      -18.85  +_  1.70ab       -18.83  +^  1.70ab 

N  -10.64  +   1.70bc     -  9.45  +  1.70c      -15.74  +   1.70abc     -19.61  +  1.70a 


abc    Any  mean  comparison  with  different   letters   is  different  (P<.05);  Mean  +_  S .  E .  ; 

T  =  Temperature  abused;  N  =  Not  temperature  abused.  Includes  only  -10°F  initial 
storage  temperature. 
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Table  231-      Fffoct  of   freezing   rate  on   percent   cnaiige  in 
natr.y   thici<ness  durino   cooki.np,  of  /iround  iieef 
patties  without   soy   follov/ing  eiahteen  months 
s  torage 


Freezing  rate 

,   hours   to  °F 

24 

48 

72 

96 

-]4.6tS  +   1  .Olh 

-17.37  +   1  .Olab 

-19.^3  +   1 .43ab 

-23.76  +  I.Ola 

a b       e a n .s  on  t \\ e 

same   line  wi  t b  d  i 

fferent  letters 

a  r  c  differ  n  t 

(P<.05);   Mean  +  S . E . ;   T  =  Temperature  abused;    N  =  Not 

t  enincr  a  t  u  r  e  abused.     -10°  F   final    t  eiu  pe  r  a  t  ur  e  of  stored  '"■roduct. 


Table  232. 


P^ffecC  of  various   storage   Cime  corrparisons 
on   percent   chanr-.c   in   pattv   rhicifi''ess  (luring 
coolcing   for   ground  beef  patties  without  sov 


271 


Fva ] ua  t  i  on   t  i  me 


Tnimed  i  a  t  e  1  y  before  freezin: 

+  32.42       I  .73b 

Tmnied  lately  follo^-'in" 
f reez ing  ,   1   da v 

.08  +    ]  .2  7b 

Imnied  ia  t  e  1  V  following 
freezing,    1  day 

-6.13  -f  1  .3bb 

Inimed  lately  following 
freezing,   1  day 

-5.73       1  .73b 

9  months 


Tinned  i  a  t  e  1  V   following   freezin'^,    1  day 


-6.21   +  1.93a 


-S .h^  +  1.01b 

Iinmed  ia  te  1  V  folLowin?, 
freezing,    1  day 

-b.Of^  +  1.01b 

Immed  iatel  V  follov/ing 
freezing,   1  day 

-6.01    +  1.98b 

1 2  mon th s  ^ 
-1  3.  ^^6  +      .  71h 
12  months^ 


-11.61    +    1 . I9h 


6  months 
-19.  2  3  +_  i  .27a 

12  months^ 
-15.79       1  .36a 

12  months'^ 
-15.01   +_  1  .73a 

12   mon  t  lis 
-16.79  j+  .98a 

18  months^ 
-I  6.37       1  .Ola 

18  months^ 
-18.45  +_  1.^8a 

IS  months^ 
-19.42  +_  1  .07a 

IS  months^ 
-16.73  +  1.19a 


ab  Differences  between  means  on   the   same   line   are  significant  (F<.05); 
N'ean  +  S.F. 

'^Includes    iust    temperature  abused   product    for   product    finally  stored 
at   -10° F 

■^Includes   just   -10°F   initial   storage  temperature. 
•^Includes    iust  0°F   in   24   and  48  hr    freezing  rates. 


Includes    iust  -10°F   final   storage  temperature 
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Table  238,     Effect  of  temperature 
abuse  on  percent  change   in  pattv 
diameter  during  cooking   for  ground 
beef  patties  without   sov  following 
six  months  storage 


Temperature  abuse 


T 


-19.04b  -21.93a 


ab     Difference  between  means 
significant   (P<.C5);  Mean. 
T  =  Temperature  abused; 
N  =  Mot  temperature  abused. 


Table  239.     Effect  of  temperature  abuse  on  percent  change  in  patty 

diameter  during  cooking  for  ground  beef  patties  without  soy 
following  six  months  storage 


 Temperature  abuse 

T  N 

-20.35b  -21.32a 


ab  Difference  between  means  significant  (P<.05)    Mean  +  S.E.  Includes 
just  +20°F  final  storage  temperature. 
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final  temperature  and  0°F  in  72  hour  rate  had  more  reduction  in  patty 
diameter  than  patties  from  the  -10°F  i niti al -f i nal  storage  for  the  same 
rate  (Table  240).    Following  twelve  months  of  storage,  there  was 
indications  that  temperature  abuse  reduced  patty  diameter  shrink  if  final 
storage  was  at  -10°F;  the  opposite  was  the  case  at  0°F  final  storage  (Table 
241).    More  diameter  shrink  was  observed  for  0°F  in  48  hour  frozen  product 
subjected  to  nonabuse  and  -10°F  final  storage  compared  to  0°F  in  96  hour 
frozen  product  (Table  242)  after  eighteen  months  storage.    Patties  at  this 
time  that  were  frozen  to  0°F  in  48  hours  had  more  diameter  shrinkage  than 
patties  from  the  0°F  in  24  hour  rate. 

After  six  months  of  storage,  none  of  the  i nitial -f i nal  temperature- 
freezing  rate  combinations  differed  (P>.05)  from  just  post-freezing  in 
percent  change  in  patty  diameter  (Table  243).    Greater  reduction  in  patty 
diameter  during  cooking  was  noted  after  nine  months  than  six  months  only 
for  patties  frozen  to  0°F  in  48  hours  (Table  244).    Between  nine  and  twelve 
months,  patty  diameter  shrink  went  down  for  patties  from  the  0°F  in  72  hour 
rate  initially  and  finally  stored  at  72°F  (Table  245).    There  were 
indications  of  reductions  in  patty  diameter  shrinkage  from  just  after 
freezing  until  twelve  months  for  patties  of  the  0°F  in  24  and  72  hour  rate 
initially  and  finally  stored  at  -10°F  (Table  246).    Patties  from  the  0°F  in 
96  hour  rate  declined  in  the  percent  diameter  shrink  from  twelve  to 
eighteen  months  (Table  247). 

General  data  for  percent  moisture  in  raw  patties  (Table  248)  shows  a 
slight  decline  as  a  result  of  storage  (mainly  eighteen  months)  and  slightly 
lower  values  with  +20°F  storage.    The  0°F  in  48  hour  rate  produced  higher 
moisture  values  than  all  other  rates  at  nine  months  and  the  0°F  in  24  hour 
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Table  241.     Interaction  effect  of  temperature  abuse  and  final  storage 

temperature  on  percent  change  in  patty  diameter  during  cooking 
for  ground  beef  patties  without  soy  following  twelve  months 
storage^ 


Final  storage  temperature,  °F 

Temperature 
abuse 

-10 

0 

T 

-20.06  + 

.28 

-21.06 

+ 

.28 

N 

-21.05  + 

.28 

-20.48 

+ 

.28 

^  Interaction  significant  by  analysis  of  variance  (P<.05),  but  not  by  HSD. 
T  =  temperature  abused,  N  =  not  temperature  abused.  Includes  just  -10 °F 
initial  storage  temperature. 
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Table  242.     Effect  of  freezing  rate  on  percent  change  in  patty  diameter  during 
cooking  for  ground  beef  patties  without  soy  following  eighteen 
months  storage 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96 


18^  -20.59  +  .50ab      -22.04  +  .50a      -20.96  +  .70ab      -18.23  +  .50b 

18^  -19.89  +  .38b        -21.75  +  .38a 


ab  Means  on  the  same  line  with  the  same  letters  are  not  different  (P>.05). 
Mean  +  S.E. 

^    Includes  just  nonabused  -10°F  final  temperature  stored  product. 
^    Includes  both  0°F  and  -10°F  final  temperature  stored  product. 
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Table  244.     Interaction  effect  of  storage  time  (six,  nine  months)  and  freezing 
rate  on  percent  change  In  diameter  during  cooking  for  ground  beef 
patties  without  soy 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24   48  72   96 


6  -20.22  +  .41b        -19.63  +  .41b      -19.72  +  .41b        -20.82  +  .41ab 

9  -20.60  +  .4lab      -22.29  +  .41a      -21.57  +  .4lab      -21.03  +  .41ab 


ab  Any  mean  comparison  with  the  same  letters  are  not  different  (P>.05). 
Mean  +  S.E. 
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Table  247.     Interaction  effect  of  storage  time  (twelve,  eighteen  months)  and 
rate  of  freezing  on  percent  change  in  patty  diameter  during 
cooking  for  ground  beef  patties  without  soy 


 Freezing  rate,  hours  to  Q°F  

Evaluation 

time,  months  24  48  72  96  

12  -20.69  +  .52ab      -21.70  +  .52a      -19.33  +     .52ab    -21.35  +  .52a 

18  -19.75  +  .52ab      -21.27  +  .52a      -20.56  +  1.17ab    -17.79  +  .74b 


ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E.     Includes  only  -10°F  final  storage  temperature. 
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rate  at  eighteen  months  (Table  249).    After  six  months  of  storage,  the  0°F 
in  72  hour  rate  produced  less  moisture  in  raw  patties  than  the  0°F  in  48 
hour  rate  only  for  product  receiving  temperature  abuse  and  +20°F  storage 
(Table  250).    Percent  moisture  in  raw  patties  was  higher  in  0°F  in  72  hour 
frozen  patties  if  initial  storage  was  at  0°F  rather  than  -10°F  (Table  251). 

Comparisons  of  just  post-freezing  with  eighteen  months  of  storage  or 
twelve  with  eighteen  months  of  storage  showed  moisture  decreases  with 
advancing  storage  (Table  252).    Regardless  of  initial  and  final  storage 
temperature  and  freezing  rate,  percent  moisture  didn't  change  during  the 
first  six  months  of  storage  (Table  253).    Between  twelve  and  eighteen 
months,  the  decline  in  percent  moisture  was  greater  for  patties  from  the 
0°F  in  48  hour  rate  than  the  0°F  in  24  hour  rate  (Table  254).  Also, 
between  twelve  and  eighteen  months,  percent  moisture  decreased  more  for 
patties  stored  initially  at  -10°F  in  contrast  to  those  held  at  0°F  (Table 
255). 

General  values  for  percent  fat  in  ground  beef  patties  in  the  raw  state 
are  depicted  in  Table  256.    Values  were  variable  and  followed  no  real 
trend.    Following  six  months  of  storage,  patties  from  the  0°F  in  72  hour 
rate  had  more  fat  than  those  from  the  0°F  in  48  hour  rate  if  final  storage 
was  maintained  at  +20°F  and  included  temperature  abuse  (Table  257).  At 
eighteen  months  of  storage,  patties  frozen  to  0°F  in  24  hours  had  more  fat 
in  the  raw  state  than  patties  frozen  to  0°F  in  48  hours  (Table  258). 

In  comparing  six  months  with  just  post-freezing,  the  only  difference 
was  the  increase  in  fat  percent  during  this  storage  for  patties  initially 
stored  at  0°F  and  finally  at  +20°F  and  also  included  temperature  abuse 
(Table  259).    Between  twelve  and  eighteen  months  fat  level  increased  for 


290 


Table  249.  Effect  of  freezing  rate  on  percent  moisture  in  raw  ground 
beef  patties  without  soy  at  various  storage  times 


Freezing  rate,  hours  to 

0°F 

Evaluation 
time,  months 

24 

48  72 

96 

9 

62 

.35  + 

0.24b 

63 

.41  +  0.24a       61 .89  +  0 

.24b 

62.32  +  0.24b 

18 

61 

.27  + 

0.12b 

61 

.88  +  0.12a 

ab   Means  on  the  same  line  with  different  letters  are  different  (P<.05);  Mean  +_  S.E. 
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Table  250.  Interaction  effect  of  final  storage  temperature  and  rate  of 
freezing  on  percent  moisture  in  raw  ground  beef  patties 
without  soy  following  six  months  of  storage 


Freezi  ng 

Rate, 

hours  to  0°F 

|-inal  Storage 
Iremperature,  °F 

24 

48 

72 

96 

j    -10  T 

62 

.32 

+  0 

.50abc 

62 

.04 

+  0.50abc 

62 

.39  +  O.SOabc 

62 

.02 

+  0 

50abc 

0  T 

61 

.07 

+  0 

.50bc 

62 

.08 

+  0.50abc 

62 

.84  +  0.50ab 

62 

.22 

+  0 

50abc 

+20  T 

61 

.68 

+  0 

.50abc 

63 

.85 

+  0.50a 

60 

.0    +  0.50c 

61 

.5 

+  0 

50abc 

+20  N 

60 

.28 

+  0 

.50bc 

62 

.53 

+  0.50abc 

61 

.6    +  0.50abc 

62 

.85 

+  0 

50  ab 

abc   Any  mean  comparisons  with  the  same  letters  are  not  different  (P>.05);  Mean  j^S.E.; 
T  =  temperature  abused;  N  =  not  temperature  abused. 
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Table  251.  Interaction  effect  of  initial  storage  temperature  and  rate  of 

freezing  on  percent  moisture  in  raw  ground  beef  patties  without 
soy  following  eighteen  months  of  storage 


 Freezing  Rate,  hours  to  0°F  

Initial  Storage 

Temperature,  °F  24  48  72  96  

I       -10  61 .45  +  0.12abc      61.81  +0.12ab       60.38  +  0.12c         6 1  .42  +  0 . 1 2 abc 

0  61.01  +  0.12bc       62.28  +  0.12a        62.00  +  0.12ab       60.83  +  0.12bc 


abc   Any  mean  comparisons  with  the  same  letters  are  not  different  {P>.05);  Mean  S.E. 


Table  252.    Effects  of  various  storage 
time  comparisons  on  percent  moisture  in 
raw  ground  beef  patties  without  soy 


Eval uati  on 

time^ 

immeaiaLciy  lui lowiny 
freezing,  1  day 

18  months 

63.09  +_  .51a 

61.81  +_  .51b 

Eval uati  on 

t  i  me*^ 

ilMMlt-UiaLtrlj'     lUI  lUrrllly 

freezing,  1  day 

18  months 

63.08  +  .36a 

61 .30  +  .25b 

Eval uati  on 

time 

12  months 

18  months 

62.57  +  .17a 

61 .30  +  .25b 

ab    Differences  between  means 

significant  (P<.05).    Mean  S.E. 

^Includes  only  0°F  in  24  and  48  hr 
freezing  rates. 

"^Includes  all  four  rates  of  freezing. 
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Table  254. Interaction  effect  of  storage  time 
(twelve,  eighteen  months)  and  rate  of  freezing 
on  percent  moisture  in  raw  ground  beef  oatties 
without  soy 


Freezing  rate. 

hours  to 

0°F 

Eval  uation 
time,  months 

24 

48 

12 

62.28  +  .15b 

64.12  + 

.15a 

18 

61 .31  +  .15c 

61.71  + 

.15bc 

ab    Any  mean  comparison  with  different  letters  is 
different  {P<.05);  Mean  +  S.E. 


Table  255.  Interaction  effect  of  storage  time 
(twelve,  eighteen  months)  and  initial  storage 
temperature  on  percent  moisture  in  raw  ground 
beef  patties  without  soy 


Initi  al 

storage 

temperature,  °F 

Eval uation 
time,  months 

-10 

0 

12 

63.58  + 

.15a 

62.82  +  .15a 

18 

61 .48  + 

15b 

61 .54  +  .15b 

ab    Any  mean  comparison  with  different  letters  is 
different  (P<.05);  Mean  +  S.E. 
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Table  257.  Interaction  effect  of  final  storage  temperature  and  rate  of 
freezing  on  percent  fat  in  raw  ground  beef  patties  without 
soy  following  six  months  of  storage 


Freezing 

Rate, 

hours  to  0°F 

Pinal  Storage 
Temperature,  "F 

24 

48 

72 

95 

-10  T 

20 

.68 

+  0 

.45bc 

20 

.71 

+  0.45bc 

21 

.08  +  0.45abc 

20 

88 

+ 

0 

45abc 

0  T 

21 

.85 

+  0 

.45ab 

20 

66 

+  0.45bc 

20 

.94  +  0.45abc 

20 

74 

+ 

0 

45abc 

+20  T 

21 

.07 

+  0 

.45abc 

19 

.13 

+  0.45c 

23 

.16  +  0.45a 

21 

37 

+ 

0 

.45abc 

+20  N 

22 

.74 

+  0 

.45ab 

20 

57 

+  0.45bc 

21 

.62  +  0.45ab 

20 

35 

+ 

0 

.45bc 

abc   Any  mean  comparisons  with  different  letters  are  different  (P<.05).  Mean+^S.E.; 
T  =  temperature  abused;  N  =  not  temperature  abused. 


Table  258.  Effect  of  freezing  rate  on  percent 

fat  in  raw  ground  beef  patties  without 


soy  following  eighteen  months 

storage 

Freezing  rate,  hours  to  0°F 

24 

48 

21 .59  +0.13  a  20.86 

+  0.13b 

ab    Difference  between  means  significant  (P<.05) 
Mean  +  S.E. 
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patties  frozen  to  0°F  in  48  hours,  but  no  increase  was  found  for  those 
frozen  to  0°F  in  24  hours  (Table  260).    Percent  fat  increased  between  just 
after  freezing  and  eighteen  months  of  storage  (Table  261). 

General  values  for  percent  moisture  in  cooked  ground  beef  patties 
without  soy  is  shown  in  Table  262.    Freezing  in  itself  produced  a  sizable 
decrease  in  the  percentage  of  moisture  remaining  in  the  patties  following 
cooking.    Final  storage  at  +20°F  also  decreased  the  cooked  patty  moisture 
content.    Values  shown  in  Table  263  indicate  this  greater  reduction  in 
moisture  found  in  cooked  patties  when  storage  occurred  at  +20°F,  however, 
these  differences  were  not  present  in  all  situations.    Faster  freezing 
rates  produced  higher  moisture  contents  in  cooked  patties  when  evaluations 
occurred  at  nine  and  twelve  months  (Table  264).    At  twelve  months  of 
storage,  temperature  abuse  reduced  the  moisture  level  in  cooked  patties  for 
those  stored  finally  at  -10°F;  no  effect  was  detected  for  patties  held 
finally  at  0°F  (Table  265).    Within  temperature  abuse  at  this  time,  0°F 
final  storage  allowed  for  more  moisture  retention  during  cooking  than  -10°F 
storage  (Table  266).    After  eighteen  months  of  storage,  there  were 
indications  that  0°F  in  24  hour  freezing  left  more  moisture  in  cooked 
patties  than  0°F  in  48  and  96  hour  freezing  (Table  267). 

As  noted  earlier,  freezing  in  itself  reduced,  considerably,  the 
moisture  in  cooked  patties  regardless  of  freezing  rate.    Also,  comparisons 
of  just  post-freezing  with  nine  and  twelve  months  storage  showed  moisture 
declines  with  storage  (Table  268).    However,  moisture  levels  increased 
between  six  and  nine  months.    Patties  initially  held  at  -10°F  and  finally 
at  0°F  and  the  reciprocal  temperature  combination  of  this  showed  moisture 
reductions  in  cooked  patties  after  nine  months  vs  just  post-freezing 


Table  260.  Interaction  effect  of  storage  time 
(twelve,  eighteen  months)  and  rate  of  freezing  on 
percent  fat  in  raw  ground  beef  patties  without  soy 


Freezing  rate, 

hours  to 

OT 

Eval uation 
time,  months 

24 

48 

12 

21.5    +  .15a 

19.71  + 

.15b 

18 

21 .55  +  . 15a 

20.89  + 

.15a 

ab    Any  mean  comparison  with  the  same  letter  is 
not  different  (P>.05);  Mean  +  S.E. 


Table  261. Effect  of  storage  time 
(immediately  after  freezing,  eighteen 
months)  on  percent  fat  in  raw  ground 
beef  patties  without  soy 


Evaluation  Time 


Immedi  ately 
following  freezing 

 1  day  18  months 

20.41  +  .36a  21.38  +  .36b 


ab    Difference  between  means  is 

significant  (P<.05);  Mean+  S.E. 
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Table  265.    Interaction  effect  of  temperature  abuse  and 

final  storage  temperature  on  percent  moisture 
in  cooked  beef  patties  without  soy  following 
twelve  months  of  storage 


Final  storage  temperature 

.  °F 

Temperature 

Abuse 

-10 

0 

T 

49.84  +  .1  5b 

50.45  +_ 

.1  5ab 

N 

50.5    +  .15a 

50.2  + 

.15ab 

ab    Any  mean  comparison  with  the  same  letters  are  not 
different;  Mean  +_  S.E.    T  =  temperature  abused, 
N  =  not  temperature  abused. 


Table  266.    Effect  of  final  storage  temperature  on  percent 
moisture  in  cooked  beef  patties  without  soy 
following  twelve  months  storage 


Final  Storage  Temperature,  °F 
-10  T  0  T  ON 


49.89  +  .10b       50.28  +  .10a       50.24  +  .lOab 


ab    Means  on  the  same  line  with  the  same  letter  are  not 
different  (P>.05).    Mean      S.E.    T  =  temperature 
abused,  N  =  not  temperature  abused. 
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Table  268.    Effects  of  various  storage 
time  comparisons  on  percent  moisture  in 
cooked  ground  beef  patties  without  soy 


Storage  time  comparisons 

Immediately  following 


Before  freezing  freezing,  1  day 


54.92  +  .23a 

50.78  +  .23b 

Immediately  following 
freezing,  1  day 

9  months 

50.78  +  .22a 

49.77  +  .22b 

Immediately  following 
freezing,  1  day 

12  months 

50.78  +  .21a 

50.16  +  .21b 

6  months 

9  months 

48.6  +  .096b 

49.77  +  .096a 

ab    Differences  between  means  within 
comparisons  are  significant 
(P<.05).    Mean  +  S.E. 
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(Table  269).    Between  nine  and  twelve  months,  moisture  increased  only  for 
0°F  in  72  hour  rate  patties  (Table  270).    Also,  between  nine  and  twelve 
months,  those  patties  at  nine  months  that  initially  were  held  at  0°F  and 
finally  at  -10°F  had  lower  moisture  content  than  patties  at  twelve  months 
initially  held  at  -10°F  and  finally  at  0°F  (Table  271).    The  reduction  in 
moisture  content  from  0°F  in  96  hour  freezing  vs  0°F  in  24  hour  freezing 
found  just  post-freezing  was  also  noted  at  12  months  under  most  initial- 
final  temperature  combinations  (Table  272).    At  eighteen  months,  regardless 
of  initial  storage,  patties  finally  held  at  0°F  showed  less  moisture  in 
cooked  patties  than  just  after  freezing  (Table  273). 

General  values  for  percent  moisture  in  cooked  patties  is  depicted  in 
Table  274.    Freezing,  itself,  produced  a  slight  increase  (due  to  moisture 
loss)  and  the  use  of  +20°F  storage  elevated  percent  fat  values.    At  six 
months  of  storage,  there  were  indications,  regardless  of  freezing  rate, 
that  +20°F  final  storage  allowed  for  more  fat  in  the  cooked  patties  (Table 
275).    This  was  obviously  due  to  there  being  less  moisture  in  these 
patties.    Patties  from  the  0°F  in  72  hour  rate  had  the  highest  percent  fat 
in  cooked  patties  after  nine  months,  but  the  lowest  percentage  following 
twelve  months  (Table  276).    Nonabuse  reduced  the  fat  level  in  cooked 
patties  following  eighteen  months,  but  only  for  those  stored  finally  at 
-10°F  (Table  277).    There  were  indications  following  eighteen  months  of 
storage  that  patties  from  this  rate  were  low  in  cooked  fat,  but  only  if 
intially  and  finally  stored  at  -10°F  (Table  278).    Freezing,  itself, 
increased  the  fat  in  cooked  patties,  while  comparisons  at  nine  and  twelve 
months  with  just  after  freezing  showed  increases  in  fat  (Table  279). 
Percent  fat  decreased  between  six  and  nine  months.    At  nine  months  there 
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Table  271.    Interaction  effect  of  storage  time  (nine,  twelve  months) 
final  storage  temperature  and  initial  storage  temperature 
on  percent  moisture  in  cooked  beef  patties  without  soy 
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Table  276.    Effect  of  freezing  rate  on  percent  fat  in  cooked  patties 
without  soy  at  various  storage  times 

 Freezing  rate,  hours  to  0°F  

Eval uation 

time,  months  24  48  72  96 

9d  19.67  +  .20       20.15  +  .20         20.53  +  .20         19. 78  +.20 

12  20.05  +  .13bc    20.55  +  .13ab      19.79  +  .13c       20.7    +  .13a 

126  19,9    +  ,14b      20.56  +  .14a       19.59  +  .14b       20.57  +  .14a 


abc    Means  on  the  same  line  with  different  letters  are  different  (P<.05); 
Mean  +_  S.E. 

^Differences  between  rate  significant  by  analysis  of  variance,  but  not  HSD. 
^Includes  only  -10°F  initial  storage  temperature. 


Table  277.    Interaction  effect  of  temperature 
abuse  and  final  storage  temperature  on  percent 
fat  in  cooked  beef  patties  without  soy 
following  twelve  months  of  storage^ 


Final 

Storage  Temperature,  °F 

Temperature 
Abuse 

-10 

0 

T 

20.45 

+  .14 

20.11  +  .14 

N 

19.87 

± 

20.19  +  .14 

^Differences  significant  (P<.05)  by  analysis 
of  variance  but  not  by  HSD;  Mean  +_  S.E.; 
T  =  temperature  abused;  N  =  Not  temperature 
abused. 
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Table  279.    Effects  of  various  storage  time 
comparisons  on  percent  fat  in  cooked  beef 
patties  without  soy  at  various  storage  times 

 Evaluation  times  

Immediately  following 
Before  freezing  freezing,  1  day 

17.85  +  .23b  19.33  +  .23a 

Immediately  following 

freezing,  1  day  9  months  

19-33  +  .20b  20.03  +  .20a 

6  months  9  months  

21.3  +  .11a  20.03  +  .lib 


Immediately  following 

freezing,  1  day  12  months 

19.33  +  .18b  20.28  +  .18a 


Immediately  following 
freezing,  1  day'^  12  months'^ 


19.33  +  .19b  20.25  +  .19a 


ab    Differences  between  means  on  the 
same  line  are  significant  (P<.05); 
Mean  +  S.E. 

^Includes  only  -lO^F  initial  storage 
temperature. 
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were  signs  that  compared  to  patties  initially  stored  at  -10°F,  0°F  initial 
storage  produced  more  of  an  increase  in  fat  content  when  compared  to  just 
post-freezing  (Table  280).    The  percent  fat  in  the  cooked  patties  increased 
between  nine  and  twelve  months  for  patties  from  the  0°F  in  96  hour  rate, 
but  not  for  the  other  rates  (Table  281).    All  final  temperature  abuse 
combinations  at  twelve  months  showed  an  increase  in  cooked  fat  content, 
except  for  patties  stored  finally  at  -10°F  and  receiving  temperature  abuse 
(Table  282). 

General  expressible  moisture  values  are  given  in  Table  283.  Values 
were  inconsistent  throughout  the  study.    The  0°F  in  48  hour  rate 
formulation  had  more  expressible  moisture  than  the  0°F  in  24  hour  rate 
(Table  284),  however,  just  post-freezing  there  were  no  rate  effects.  The 
0°F  in  48  hour  frozen  patties  declined  in  expressible  moisture  as  a  result 
of  freezing.    After  nine  months,  the  0°F  in  72  hour  rate  had  lower 
expressible  moisture  than  the  other  rates,  while  this  rate  had  more 
expressible  moisture  than  the  0°F  in  48  hour  rate  following  twelve  months 
storage  (Table  285).    After  six  months  of  storage,  for  temperature  abused, 
+20°F  stored  product,  the  0°F  in  48  hour  rate  produced  more  expressible 
moisture  than  the  0°F  in  96  hour  rate  (Table  286).    Within  nonabused  +20°F 
stored  product,  the  0°F  in  96  hour  freezing  rate  produced  more  expressible 
moisture  than  the  0°F  in  72  hour  rate.    There  were  indications  at  twelve 
months  of  more  expressible  moisture  associated  with  0°F  rather  than  -10°F 
initial  storage  within  the  n°F  in  48  hour  freezing  rate  (Table  287).  At 
twelve  months  within  the  0°F  in  48  hour  rate,  patties  (abused)  that  were 
finally  stored  at  -10°F  contained  more  expressible  moisture  than  patties 
(nonabused)  finally  stored  at  n°F  (Table  288). 
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Table  281.    Interaction  effect  of  storage  time  (nine,  twelve  months)  and 
freezing  rate  on  percent  fat  in  cooked  patties  without  soy 


 Freezing  rate,  hours  to  0°F  

Eval  uation 

time,  months  24  48  72  96 

9  19.57  +  .18b      20.15  +  .18ab      20.53  +  .18ab      19.78  +  .18b 

12  20.02  +  .18ab    20.55  +  .18ab      19.83  +  .18b       20.73  +  .18a 


ab    Any  mean  comparisons  with  the  same  letters  are  not  different  (P>.05); 
Mean  +  S.E. 


326 


O) 

o 

S- 

Ql 


+  I 


o 


c 
o 


X3 


c 

o 


QJ 
> 

cu 

-t-J 


CD 

c 

o;  o 

OJ  1/1 
S- 

M-  -M 
CT.  O 

c  sz 

•r-  4-> 

5 

O  2 

■ —  uo 

C  O) 


>^4-> 

n3 

<V  CL 

4-> 

fO  (+_ 
•r-  cu 
"O  OJ 

QJ  JD 

E 

E  -o 

•r-  OJ 

 3<1 

o 

QJ  O 

E  u 

-l->  c 

QJ 
cn 
ro 

o 


o 
o 

OJ 


CO 

CVi 
<t3 


O) 
cn 
nD 
S_ 

o 

00 
1/1 


o 

> — I 
I 


CO 


O 


fT3 


QJ 

ll 

r3 

o 

na 

O) 

cn 

QJ 

n3 

QJ 

S- 

S- 

i_ 

=3 

o 

=3 

-M 

-l-> 

n3 

I/O 

ro 

S_ 

i_ 

QJ 

QJ 

CL 

Ol 

e 

c 

E 

Te 

ti- 

te 

o 

CVI 


cn 
c 


3: 

o 


>-, 

o 

fO 

4- 

"O 

1 — 1 

I — 1 

QJ 

cn 

n3 

C 

"O 

M 

ro 

QJ 

O) 

CO 

QJ 

fr 

1  ' — ' 

+ 

QJ 


O 


C 
QJ 
5- 
QJ 


O  • 

c  -o 

QJ 

QJ  OO 
S_ 

fO 

QJ 
QJ  ^- 

-U  +-> 
QJ  "3 

r—  S_ 

QJ 

QJ  CL 

§  53 

QJ 

x:  o 


QJ  "O 

C  OJ 

.,-  uO 

, —  C3 

QJ  TC) 

fO  QJ 

QJ  4-> 

SZ 

+->  s_ 

QJ 

C  Q- 
O  E 
QJ 
00  -(-> 

ra  II 
QJ 


J2) 
13 


-t-> 

i_ 

ZD 

o 

cn 

cr 

-t-J 

*• — 

M 

QJ 

QJ 

(/I 

1- 

CD 

M- 

''~ 

-M 

rj 

4-> 

ro 

ITS 

CL 

QJ 

4- 

i_ 

d) 

CU 

-M 

fO 

S_ 

■o 

QJ 

C 

CL 

13 

E 

O 

QJ 

s_ 

+-> 

en 

QJ 

cn 

fT3 

S- 

S_ 

o 

-M 

CD 

' — 

S_ 

-l-> 

*l — 

4- 

O 

O 

E 

-M 

cn 

c: 

— 

(/I 

o 

QJ 

o 

u 

CL 

X 

QJ 

■c 

d 

QJ 

ra 

■(-> 

1/1 

QJ 

cn 

*' 

4-> 

-M 

n3 

QJ 

S_ 

cn 

-(-> 

<T3 

(/I 

13 

O 

4-> 

'— 

00 

QJ 

13 

' — 

O 

x: 

fO 

cn 

-M 

Z3 

O 

s_ 

03 

1- 

4-> 

OJ 

>^ 

O) 

o 

CD 

m 

oo 

CVJ 

O) 

J3 

QJ 
-l-J 
fO 
S_ 

03 

c 

M 

QJ 
QJ 
S- 


QJ 

cn 

n3 

QJ 

s_ 

O 

r3 

+-> 

-M 

1/1 

i_ 

OJ 

n3 

CL 

E 

QJ 

-M 

o 
o 


+  I 

un 
o 


oo 
o 
o 
o 


+  i 

O 


on 
cn 
o 
O 
o 


O 


CNJ  Ln  o  ^ 
■ —  ■ —  cvi  >— 
o  o  o  o 
o  o  o  o 


^  CO 


o  o 
o  o 


■ —  oo  CO  1^ 
OJ  t—  , —  ■ — 

o  o  o  o 
o  o  o  o 


+  1+  1+  1+  I 

C\J  ' —  C\J  UT) 

o  o  o  o 


+ 1+  I 

o  o 


Ln 

o  o  o  o 


o 
o 


o 


oo 


00  oo  "3- 
CXI        C\J  ' — 

o  o  o  o 
o  o  o  o 


o  o 
o  o 


r-~  i —  I —  1^ 

. —  OvJ  OJ  CVJ 

o  o  o  o 

o  o  o  o 


o 
o 


o 


o 
o 


+  1+  1+  1+  I 

OJ  C\J  ^  OJ 

o  o  o  o 


' —  oo 

o  o 


4-  1+  1+  1+  I 

r--  CO  uo 
o  o  o  o 


+  1  < 


OJ  oo  Ln 


oo  oo 


r-^  ^  OJ 


o 


OJ 

OJ 

OJ 

OO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

+ 1 

+ 1 

+ 

1+ 

1+ 

1+ 1 

+ 

l+l 

+ 

1  + 

1+ 

l+l 

+ 

1+ 

oo 

oo 

Ln 

oo 

Ln 

Ln 

U3 

vo 

oo 

oo 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

cri 

03 

OJ 

<x> 

C\J 

CO 

oo 

<^ 

cr> 

03 

OJ 

OJ 

OJ 

OJ 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

+  1 

+ 1 

+ 

+ 

1+ 

l+l 

+ 

+  1 

+ 

1+ 

1+ 

l+l 

+ 

1+ 

ID 

oo 

oo 

oo 

Ln 

LD 

Ln 

oo 

oo 

o 

o 

o 

o 

o 

o 

O 

O 

o 

O 

o 

o 

o 

o 

o  o  o  o     o  o 

I —        OJ  OJ  I — 


o  o  o  o 


o  o 

I 


s_ 

QJ 

QJ 

cn 

-M 

>^ 

_E 

c: 

^- 

■o 

-i-> 

ez 

>^ 

c: 

QJ 

o 

S- 

QJ 

(/I 

in 

(/) 

■>-> 

cn 

sz 

sz 

j:: 

4-> 

c: 

-M 

-M 

-M 

QJ 

c: 

C 

c 

:d 

^ 

X3 

M 

o 

o 

o 

o 

O 

QJ 

QJ 

E 

E 

e 

E 

^- 

QJ 

> 

QJ 

E 

03 

C^J 

CO 

LU 

CD 

328 


, —  cr 

OJ  •!— 

rn  <D 

•1—  t_ 

U_ 

"O  ^ 

0 

cu  +-> 

O 

E  CO 

E  -r— 

o 

•r—  O 

E 

00 

cr>  O) 

t_ 

cr  1 — 

Z3 

•1— 

O 

fSj  -1— 

OJ  00 

aj  1/1 

QJ 

4-  t- 

4-> 

rV 

Ql 

t_  O) 

o 

CD 

CD  O 

N 

 CD 

OJ 

OJ 

QJ  -r— 

o 

c_ 

E 

CO 

•1—  OJ 

4_>  O) 

-(_) 

13 

O)  ^4— 

O 

CD 

_cr 

ro  4— 

-M 

C—  O 

Q 

+->  QJ 

1/1  +-> 

00 

O) 

o 

4_> 

+J 

ro 

Cl 

O) 

i+_ 

i+- 

4—  CD 

OJ 

OJ  c 

C  M 

O  OJ 

X3 

•,—  O) 

d 

+->  t_ 

13 

O  4- 

O 

t- 

cr> 

QJ  (V 

+->  4-> 

• 

co 

OJ 

1— 

D 

rO 

cj- 

o 

O 

o 

o 

• 

+ 1 

o-i 

+  1 

+  1 

1— t 

,—1 

O 

o 

c 

• 

• 

ro 

QJ 

. — - 

n3 

(13 

■vT 

0 

O 

O 

« 

O 

o 

A 

O 

o 

a. 

• 

— 

CNJ 

+  1 

+ 1 

■(-) 

c 

QJ 

, — 1 

I — 1 

c_ 

O 

o 

QJ 

• 

• 

U- 

•r— 

■a 

+-> 

0 

o 

o 

o 

o 

O) 

o 

o 

!_ 

fO 

OD 

+ 1 

+ 1 

c_ 

O) 

+-> 

1 — 1 

-(-> 

o 

o 

OJ 

• 

• 

1 — 

QJ 

E 

ro 

00 

ro 

^ 

QJ 

O 

O 

j:: 

O 

O 

-(-> 

O 

O 

sz 

CM 

+  1 

+  1 

1 — 1 

CO 

o 

O 

• 

0 

to 

t_ 

(O 

c_ 

Ql 

QJ 

> 

.  E 

OJ 

CD 

-t-> 

ro 

0 

E 

4— 

"O 

•r— 

(O 

(— 

M 

. — I 

c: 

QJ 

>> 

ro 

OJ 

QJ 

o 

C_ 

QJ 

O 

->  E 

-(-> 

e 

ro 

>i 

Q) 

M 

cz 

n 

t_ 

a 

cC 

O 

QJ 

a 

>J- 

p: 

c_ 

> 

QJ 

E 

JD 

UJ 

CCI 

ro 

329 


Table  285. 

Effect 

[J  a  U  L  1  c  o 

of  freezing  rate  on  expressible  moisture  in  raw 
without  soy  following  various  storage  periods 

ground  beef 

Freezing  rate,  hours  to  0°F 

Evaluation 
time,  months 

24 

48  72 

95 

9 

.016 

+  .0006a 

.015  +  .0006a       .012  +  .0006b 

.015  +  .0006a 

12 

.016 

+  .00053ab 

.014  +  .00053b      .017  +  .00053a 

.015  +  .00053ab 

ab   Means  on  the  same  line  with  the  same  letter  are  not  different  (P>.05);  Mean  +_  S.E. 
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Table  285.  Interaction  effect  of  final  storage  temperature  and  rate  of 
freezing  on  expressible  moisture  in  raw  ground  beef  patties 
without  soy  following  six  months  of  storage 

 Freezing  Rate,  hours  to  0°F  

Final  Storage 

Temperature,  °F  24  48  72  96  

-10  T  .013  +  .00054abc    .01 3      .00054abc     .012  +. 00054c        .01  2  +  . 00054c 

0  T  .014  +  .00054abc    .013  +_  .00054abc    .012  +  .00054bc      .011  +  .00054c 

20  T  .013  +  .00054abc    .015+. 00054a        .014  +  .0005^abc    .01 2  +  .00054bc 

20  N  .013  +  .00054abc    .013  +  .00054abc    .012  +_  .00054c       .015  +  .00054ab 

abc    Any  mean  comparison  with  the  same  letters  are  not  different  (P>.05);  Mean  +_  S.E.; 
T  =  temperature  abused;  N  =  not  temperature  abused. 
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Table  288.  Interaction  effect  of  final  storage  temperature  and  rate  of 
freezing  on  expressible  moisture  in  raw  ground  beef  patties 
without  soy  following  twelve  months  of  storage 


Freezing  Rate,  hours  to  0°F 


Final  Storage 
Temperature,  °F 

24 

48 

72 

96 

-10  T 

.016 

+ 

.00069ab 

.016 

+ 

.00069a 

.017 

+ 

.00069a 

.015 

+ 

.00069ab 

0  T 

.016 

+ 

.00069ab 

.016 

+ 

.00069ab 

.016 

+ 

.00069a 

.014 

+ 

.00069ab 

0  N 

.015 

+ 

.00069ab 

.012 

+ 

.00069b 

.015 

+ 

.00069ab 

.016 

+ 

.00069ab 

ab    Any  mean  comparison  with  the  same  letters  are  not  different  (P>.05);  Mean^^S.E.; 
T  =  temperature  abused;  N  =  not  temperature  abused. 
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At  six  months  of  storage,  the  only  products  to  differ  (lower)  in 
expressible  moisture  from  just  post-freezing  were  patties  from  the  0°F  in 
72  hour  rate  initially  and  finally  stored  at  -10°F  and  patt'ies  initially 
stored  at  0°F,  not  abused  and  finally  stored  at  +20°F  (Table  289).  Between 
six  and  nine  months,  expressible  moisture  went  up  for  patties  frozen  to  0°F 
in  24  hours,  and  to  0°F  in  96  hours  (Table  290).    Between  nine  and  twelve 
months  of  storage,  expressible  moisture  escalated  for  0°F  in  72  hour 
product  (Table  291).    No  changes  in  expressible  moisture  were  found 
between  just  after  freezing  and  twelve  months  storage  (Table  292).  There 
were  indications  of  a  decline  in  expressible  moisture  between  twelve  and 
eighteen  months  for  the  n°F  in  24  hour  rate,  while  the  opposite  was  true 
for  the  0°F  in  48  hour  rate  (Table  293). 
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Table  290.  Interaction  effect  of  storage  time  (six,  nine  months)  and  rate  of  freezing 
on  expressible  moisture  in  raw  ground  beef  patties  without  soy 


Freezing  rate, 

hours  to  0°F 

Evaluation 
time,  months 

24 

48 

72 

96 

6 

.013 

+  .00039bc 

.013  +  .00039bc 

.012  +  .00039c 

.011 

+  .00039c 

9 

.016 

+  .00039a 

.015  +  .00039ab 

.012  +  .00039c 

.015 

+  .00039ab 

abc    Any  mean  comparisons  with  different  letters  are  different  (P<.05);  Mean  ^^S.E. 
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Table291.  Interaction  effect  of  storage  time  (nine,  twelve  months)  and  rate  of  freezing 
on  expressible  moisture  in  raw  ground  beef  patties  without  soy 


Freezing  rate. 

hours  to  0°F 

Eval  uation 
time,  months 

24 

48 

72 

96 

9 

.016 

+  .0004  lab 

.015  +  .00041ab 

.012  +  .00041c 

.015 

+  .00041 ab 

12 

.016 

+  .0004  lab 

.016  +  .00041ab 

.017  +  .00041a 

.014 

+  .00041b 

abc    Any  mean  comparisons  with  the  same  letters  are  not  different  (P>.05);  Mean  +_  S.E. 


n 

jQ 

JO 

JD 

(U 

"3 

ro 

fO 

n3 

<r) 

ro 

ro 

cn 

cn 

cn 

m 

CTl 

C7^ 

CTl 

:n 

cn 

cn 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

• 

• 

• 

• 

• 

• 

+ 

+ 

1  + 

1+  1 

+ 

1  + 

+  1 

lO 

IT) 

1 — 1 

1 — 1 

t — t 

, — 1 

. — 1 

1 — 1 

. — ( 

• 

0 

0 

0 

0 

CD 

0 

0 

LU 

• 

• 

• 

• 

• 

• 

• 

• 

( — 

JD 

01 -r- 

-Q 

X3 

JCl 

+ 

(n 

tl 

fO 

n3 

■1—  in 

ro 

CO 

ro 

ro 

m 

cn 

cn 

c 

UL. 

CTl 

en 

cn 

cn 

CTi 

CTl 

0  t_ 

0 

0 

0 

0 

0 

0 

0 

0) 

r—  CL 

0 

0 

0 

0 

0 

0 

0 

0 

. —  X 

0 

0 

0 

0 

0 

0 

0  CD 

0 

• 

• 

• 

• 

• 

4— 

■(-> 

CM 

" — ^ 

+ 

+ 

1  + 

1+  1 

+ 

1  + 

1+  1 

CD 

>,  0 

>^ 

(/) 

CD 

1 — 

0 

t_ 

Ln 

CO 

lO 

•> 

OJ  zn 

00 

13 

. — 1 

. — 1 

t— 1 

1 — t 

1—1 

+J  c 

0 

0 

0 

0 

0 

0 

0 

D. 

ro  -r- 

-!-> 

• 

• 

• 

• 

• 

• 



■1—  M 

13 

-a  O) 

0 

+-> 

O)  QJ 

SZ 

4-) 

-t-> 

JO 

JO 

-Q 

QJ 

E 

■1 — 

(13 

fO 

n3 

03 

<T3 

ro 

fO 

C_ 

■1 — 

2 

a; 

c^ 

ro 

CO 

CO 

ro 

cn 

cn 

<u 

— -  >+- 

CTl 

CTl 

cn 

cn 

cn 

cn 

cn 

C(— 

0 

t/1 

cr> 

0 

0 

0 

0 

0 

0 

0 

4- 

• 

OJ 

CU 

cr 

0 

0 

0 

0 

0 

0 

0 

E  OJ 

•I — 

•  1 — 

0 

0 

0 

0 

0 

0 

0 

Q' 

•<—  -M 

-(-> 

Kl 

• 

• 

• 

• 

♦ 

• 

l>0 

4_)  fO 

+J 

O) 

CO 

-(-) 

C3 

t_ 

Ol 

+ 

+  + 

1+  1 

+ 

1  + 

1+  1 

0 

jD 

O) 

CL 

c_ 

cc 

n3 

CD  X! 

u_ 

CO 

1—1 

CO 

cn 

ft3  C 

l+- 

1 — 1 

1 — 1 

1 — 1 

t— 1 

t— 1 

1 — 1 

(/) 

QJ 

l_  n3 

O) 

0 

0 

0 

0 

0 

0 

•  1 — 

C_ 

0 

a; 

• 

• 

• 

• 

• 

r3 

4_)  - — - 

t_ 

4-> 

t/l  to 

O) 

03 

sz 

■a 

-M 

c_ 

e 

JO 

JD 

+-> 

QJ 

0  c 

u 

13 

fO 

n3 

n3 

n3 

fO 

n3 

QJ 

CL 

0 

0 

00 

c^ 

CO 

m 

m 

cn 

, — 

E 

-M  E 

t_ 

cr> 

en 

cn 

cn 

cn 

cn 

cn 

O) 

CD 

0 

0 

0 

0 

0 

0 

0 

QJ 

4-> 

OJ  OJ 

0 

0 

0 

0 

0 

0 

0 

E 

> 

2 

0 

0 

0 

0 

CD 

0 

0 

ro 

-M 

1 — 

03 

• 

• 

• 

• 

• 

l/l 

0 

OJ  CU 

(_ 

1+  1 

c: 

2 

CVI 

+ 

+ 

1  + 

1+ 1 

+ 

1  + 

OJ 

C  ■(-> 

C 

JZ 

II 

0 

-( — 

LT) 

CD 

CO 

CO 

LD 

■M 

•1— 

1 — 1 

>— 1 

1 — 1 

, — ( 

. — ( 

. — 1 

1 — 1 

4-J  CD 

O) 

0 

0 

0 

0 

0 

0 

0 

x: 

0  c 

t_ 

• 

• 

• 

• 

• 

+-> 

ro  •.- 

•(— 

M 

J-J 

OJ 

2 

QJ 

t_ 

4->  CD 

c 

ID 

c  e 

0 

en  +J 

I— 

1— 

1— 

ST 

0 

jC 

•— ■ 

CD 

O) 

fO 

(O 

0 

0 

0 

0 

0 

0 

Ol 

ro 

C7^ 

c 

c_ 

C_ 

u_ 

. — 1 

f— 1 

C\J 

(T3 

0 

O) 

0 

1 

t_ 

QJ 

CTl 

2 

t_ 

U- 

■»-> 

CL 

ro 

£_ 

C\J 

0 

TJ 

0 

C= 

CL 

C3 

■0 

4-> 

CU 

E 

-(-> 

<D 

Ul 

1— 

0 

03 

0 

. — 1 

CJ 

t_ 

-Q 

m 

OJ 

tl 

c 

ex. 

1— 

CD 

-(-> 

OJ 

ro 

c: 

C 

cc 

C_ 

QJ 

CU 

a> 

0 

Ol 

13 

E 

■(-> 

M 

fO 

CD  -^J 

ra 

O) 

<T3 

0 

0 

>i 

II 

OJ 

CNJ 

■M 

t_ 

C_ 

Ll. 

1 — 1 

-0 

t_ 

t— < 

0 

O) 

0 

1 

<C 

(— 

O) 

4- 

cr 

■!-> 

cx 

E 

IT) 

!= 

E 

CD 

1— 

ro 

Table  293.  Interaction  effect  of  storage  time 
and  rate  of  freezing  on  expressible  moisture  in 
raw  ground  beef  patties  without  soy^ 


Freezing  rate,  hours  to  0°F 

Eval uati  on 

time,  months  24  48 


12  .015  +  .00043        .012  +  .00043 

18  .013  +  .00043        .013  +  .00043 


^Interaction  significant  (P<.05)  by  Analysis  of 
Variance  but  not  by  HSD  test.    Mean  +  S.E. 


339 


BIBLIOGRAPHY 

A.O.A.C.    1975  "Official  Methods  of  Analysis"  12th  edition.    Association  of 
Official  Analytical  Chemists,  Washington,  D.C. 

Briskey,  E.  J.,  Bray,  R.  W. ,  Hoekstra,  W.  n. ,  Phillips,  P.  H.,  and 

Grummer,  R.  H.    1959.    The  Chemical  and  Physical  Characteristics  of 
various  pork  ham  muscle  classes.    J.  Anim.  Sci.  18:146. 

Cross,  H.  R.,  Stanfield,  M.  S.,  and  Franks,  W.  J.  Jr.     1978.  Guidelines 
for  training  and  testing  judges  for  sensory  analysis  of  meat  quality. 
Food  Technol.  32:7. 

Tarladgis,  B.  G. ,  Watts,  B.  M.,  Younathan,  M.  T. ,  and  Dugan,  L.    1960.  A 
distillation  method  for  the  quantitative  determination  of 
mal onal dehyde  in  rancid  foods.    J.  of  the  Amer.  Oil  Chem.  Soc.  37:44. 

Tukey,  J.  W.    1953.    "The  problem  of  multiple  comparisons,"  Ditto, 
Princeton  University,  Princeton,  NJ. 


Wierbecki,  E.  and  Deatherage,  E.  F.    1958.    Determination  of  water-holding 
capacity  of  fresh  meats.    J.  Agric.  and  Food  Chem.  6:387. 


